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1 ALKYL OR ARYL SUBSTITUTED DmyDR0NAPHTHAO3>^ 

2 DERIVATIVES HAVING RETINOID AND/OR RETINOID 

3 ANTAGONIST-LIKE BIOLOGICAL ACnVXTY 

4 1. Field of the Inventioii 

5 The present iovention relates to hovel compounds having retinoid 

6 and/or retinoid antagonist-like biological activity. More specifically, the 

7 present invention relates to all^l or ai^ substituted d^ydronaphthalene 

8 derivatives which bind to retinoid receptors and have retihoid-like or 

9 retinoid antagonist-like biological activity. 

10 2. Backgronnd Art 

11 Compounds which have retinoid-like activity are well 

12 known in the art, and are described in numerous United States and 

13 other patents and in scientific publications. It is generally known and 

14 accepted in the art that retinoid-like activity is useful for treating 

16 alleviating the symptoms and conditions of numerous diseases and 

.17 conditions. In other words, it is generally accepted in the art that 

18 pharmaceutical compositions having a retinqid-like compound or 

19 compounds as the active ingredient are useful as regulators of cell 

20 proliferation and differentiation, and particularly as agents for treating 

21 sklnrrelated diseases, including, actinic keratoses, arsenic keratoses, 

22 inflamm atory and non-infiammatoiy acne, psoriasis^ ichthyoses and 
Z3 other keratincation and l^erproliferative disorders of the skin, 

24 eczema, atopic dermatitis. Darners disease, lichen planus, prevention 

25 and reversal of glucocorticoid damage (steroid atrophy), as a topical 

26 anti-microbial, as skin anti-pigmentation agents and to treat and reverse 

27 the effects of age and photo damage to the skin. Retinoid compounds 

28 are also useful for the prevention and treatment of cancerous and 
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1 precancerous conditions, including, premalignant and malignant 

2 I^erproliferative diseases such as cancers of the breast, skin, prostate, 

3 cervix, uterus, colon, bladder, esophagus, stomach, lung, laiym^ oral 

4 cavity, blood and lymphatic system, metaplasias, dysplasias, neoplasias, 

5 leukoplakias and papillomas of the mucous membranes and in the 

6 treatment of Kaposi's sarcoma. In addition, retinoid compounds can be 

7 used as agents to treat diseases of the eye, including, without limitation, 

8 proliferative vitreoretinopathy (PVR), retinal detachment, dry eye and 

9 other comeopathies, as well as in the treatment and prevention of 

10 various cardiovascular diseases, including, without limitation, diseases 

11 associated with lipid metabolism such as dyslipidemias, prevention of 

12 post-angioplasty restenosis and as an agent to iiicrease the level of 

13 circulating tissue plasminogen activator (TPA). Other uses for retinoid 

14 compounds include the prevention and treatment of conditions and 

15 diseases associated with human papilloma virus (HPV), including warts 

16 and genital warts, various inflammatory diseases such as pulmonary 

17 fibrosis, ileitis, colitis and Krohn's disease, neurodegenerative diseases 

18 such as Alzheimer's disease, Parkinson's disease and stroke, improper 

19 pituitaiy function, including insufGcient production of growth hormone, 

20 modulation of apoptosis, including both the induction of apoptosis and 

21 inhibition of T-Cell activated apoptosis, restoration of hair growth, 

22 including combination therapies with the present compounds and other 

23 agents such as Minoxidil^, diseases associated with the unmune system, 

24 including use of the present compounds as inamunosuppressants and 

25 immunostimulants, modulation of organ transplant rejection and 

26 facilitation of wound healing, including modulation of chelosis. 

27 United States Patent Nos. 4.74Q.519 (Shroot et al.) . 

28 4,826,969 (Mai gnan et al.) . 4^26,055 (LoeligeretaL), 5,130,335 
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1 (Chandraratna et alX 5,037,825 rKlaus et al.) . 5,231,113 rChandraratna 

2 et al.) . 5324,840 rChandraratna) . 5^44,959 (Chandraratna) . 5.130335 
. 3 (Chandraratna et al.) . Published European Patent Application Nos. 0 

4 176 034 A (Wnest et al.) . 0 350 846 A (Klaus et al.) . 0 176 032 A 

5 (Frickel et al.) . 0 176 033 A ( Frickel et al.) . 0 253 302 A (Klaus et al.) . 

6 0 303 915 A ( Brvce et al.) . UK Patent Application GB 2190378 A 

7 (Klaus et al.) . German Patent Application Nos. DE 3715955 Al (Klaus 

8 et al.) . DE 3602473 Al HVuest et al.. and the articles J. Amer. Acad. 

9 Derm. 15: 756 - 764 (1986) (Spom et al.) . Chem. Pharm. Bull. 33: 

10 404-407 (1985) (Shudo et al.) . J. Med Chem. 1988 31, 2182 - 2192 

1 1 rKagechika et al.) . Chemistiy and Biology of Synthetic Retinoids CRC 

12 Press Inc. 1990 p 334 - 335, 354 ( Dawson et a!.) , describe or relate to 

13 compoimds which include a tetrahydronaphthyl moiety and have 

14 retinoid-like or related biological activity. United States Patent No. 

15 4391,731 (Boiler et al.) describes tetrahydronaphthalene derivatives 

16 which are useful in liquid ciystal compositions. 

17 Published European Patent application Nos. 0 661 259 Al and 0 

18 661 261 Al ( Bristol-Mvers Squibb) describe further dihydronaphthalene 

19 and naphthalene derivatives which are said in the disclosures to have 

20 retinoid-like biological activity. 

21 United States Patent Nos. 4,980,369, 5,006,550, 5,015,658, 

22 5,045,551, 5,089309, 5;iJ4.r59; 5,16^546, 5,234,925, 5,248,777, 

23 5,264,578,5,272,156.5,278318,5,324,744,5,346,895,5,346,915, 

24 5,348.972. 5.348,975, 5380,877, 5,399,561, 5,407,937, (assigned to the 

25 same assignee as the present application) and patents and publications 

26 cited therein, describe or relate to chroman, thiochroman and 

27 1,23^4-tetrahydroquinoline derivatives which have retinoid-like 

28. biological activity. Still further, several co-pending applications and 
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1 recently issued patents which are assigned to the assignee of the present 

2 application, are directed to further compounds having retinoid-like 

3 activity. 

4 Although pharmaceutical compositions containing retinoids have 

5 well established utility (as is demonstrated by the foregoing citation of 

6 patents and publications from the voluminous literature devoted to this 

7 subject) retinoids also cause a number of undesired side effects at 

8 therapeutic dose levels, including headache, teratogenesis, . 

9 mucocutaneous toxicity, musculoskeletal toxicity, cfyslipidemias» skin 

10 irritation, headache and hepatotoxicity. These side effects limit the 

11 acceptability and utility of retinoids for treating disease. 

12 It is now general knowledge in the art that two main types of 

13 retinoid receptors exist in mammals (and other organisms). The two 

14 main types or families of receptors respectively designated the RARs 

15 and RXRs. Within each type there are subtypes; in the RAR £unily the 

16 subtypes are designated RAR^ RAR^ and RARr, in RXR the subtypes 

17 are: RXR^ RXBg and RXRy. It has also been established in the art 

18 that the distribution of the two main retinoid receptor types, and of the 

19 several sub-types is not uniform in the various tissues and organs of 

20 mammalian organisms. Moreover, it is generally accepted in the art 

21 that many unwanted side effects of retinoids are mediated by one or 

22 " more or tne kak receptor subtypes. Accordmgty, among'ci^pounds.. ' 

23 having agonist-like activity at retinoid receptors, specificity or selectivity 

24 for one of the main types or families, and even si>ecificity or selectivity 

25 for one or more subtypes within a family of receptors, is considered a 

26 . desirable pharmacological property. Some compounds bind to one or 

27 more RAR receptor subtypes, but do not tri^er the response which is 

28 triggered by agonists of the same receptors. A compound that binds to 



alleigan:pat:60012pajpl 



17198 Allersan 



5 

1 a biological receptor but does not trigger an agonist-like response is 

2 usually termed an antagonist. According, the "effect" of compounds 

3 on retinoid receptors may fall in the range of having no effect at all, 

4 (inactive compound, neither agonist nor antagonist), the compound may 

5 elicit an agonist-like response on all receptor subtypes (pan-agonist), or 

6 a compound may be a partial agonist and/or partial antagonist of 

7 certain receptor subtypes if Uie compound binds to but does not 

8 activate certain receptor subtype or subtypes but elicits an agonist-like 

9 response in other receptor subtype or subtypes. A pan antagonist is a 

10 compound that binds to all known retinoid receptors but does not elicit 

11 an agonist-like response in ai^ of the receptors. 

12 It has been recentfy discovered and described in- a pending 

13 application assigned to the same assignee as the present application that 
■ 14 retinoid antagonist-like activity of a compound is also a useful property, 

15 in that such antagonist compoimds can be utilized to block certain 
;16 undesired side effects of retinoids, to serve as antidotes to retinoid 

17 overdose or poisoning, and may lend themsebes to other 

18 pharmaceutical applications as welL More particular^, regarding the 

19 published scientific and patent literature in this field, published PCT 

20 application WO 94/14777 describes certain heterocyclic carboxylic add 

21 derivatives which bind to RAR retinoid receptors and are said in the 
2Z application to be useful for treatment of certain diseases or conditions, 
.23 such as acne, psoriasis, rheumatoid arthritis and viral infections. A 

24 similar disclosure is made in the article by Yoshimura et al. J Med. 

25 Chem. 1995, 38, 3163-3173. Kaneko et al. Med. Chem Res. (1991) 

26 1:220-225; Apfel et al. Proc. Nati. Acad. ScL USA Vol 89 pp 7129-7133 

27 Augusty 1992 Cell Biology, Eckhardt et al. Toxicology Letters, 70 (1994) 

28 299-308; Keidel et al. Molecular and Cellular Biology, Vol 14, No. 1, 
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1 Jan. 1994. p 287-298; and SssUSLSLlL J. MeA Chem. 1994, 37 

2 1508-1517 describe compounds which have antagonist like activiw at one 

3 or more of the JRAR retinoid sub^s. 

SUMMARY OF THE INVENTION 
Among the compounds of Fonnolas 1 through 6, the present 
invention covers the compounds of Fonnula 6. Compomids of the 
remaining formulas are disdosed here inasmuch as the methods of their 
synthesis pertains to the best modes of the presently contemplated 
synthetic routes leading to the compounds of Formula 6. Thus the 
present invention pertains to compounds of Formula 6, 
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Formula 1 
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1 wherein X, is [qRJJ. where is independently H or alkyi of 1 

2 to 6 carbons, and d is an integer between 0 and 2; 

3 X, is S or O; 

4 Zis .N=N-, 

5 -N(0)=:N-. 

6 -2Sr=N(0)-. 

7 -n=c:k,-, 

8 / -CR,=N, 

® where n' is an integer having the value 0 - 5 

10 -CO-NR,., * 

" -CS-NR,-, 

12 -NR,-CO, 

13 -NR,-CS, 

14 -CX)0-, 

15 'OCO-; 

16 -CSO-; 

18 -CO-CR,=a{,-; 

« is hydrogen, lower alkyl of 1 to 6 carbons, F, Q, Br I CF 

20 fl^oro substituted alkyl of 1 to Scarbons, OH, Saalko^ of 1 toe'' 

21 carbons, or alkylthio Of 1 to 6 carbons; 

22 '^'s^iydro^n^lowerall^ofl to6carbonsorF; 

23 "> is an integer having the value of 0- 3; 

24 o is an integer having the value of 0 - 4; 

25 R^ is hydrogen, alkyl of 1 to 10 carbons, alkenyl of 2 to 10 

26 carbons and having 1 to 3 double bonds, alkyny, having 2 to 10 carbons 

27 and 1 to 3 triple bonds, carbocydic ayl selected from the group 

28 «>nsisting of phenyl, Q.Q„.aIl^lphe,Q.l,naphtItyl,C,.q„.alkyl. 
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1 naphtl^rl, phenyl-Q - Q^l, napthyl-Q - Q^i; CN, or 
(CI^)pCOjR, where p is an integer between 0 to 10; 

Rs is hydrogen, aJkyl of 1 to 10 carbons, fluoro-substituted all^l of 
4 1 to 10 carbons, alkeiyl of 2 to 10 carbons and having 1 to 3 double 
bonds, aJkynyl having 2 to 10 carbons and 1 to 3 triple bonds, carbo- 
cychc aiyl selected from the group consisting of phenyl, q . 

7 Qo-allgrlphenyl, naphthyl, Q - Qo-alkyhiaphtl^ri. phenyL-Q - Q^l 

8 napthyl-Q . Qoaliyl; Si(Q^l)3, COR,^ camphanoyi, 

10 Y is a phenyl or naphthyl group, or heteroaiyl selected from a 

11 group consisting of pyri<fyl,thienyl,fuiyl,pyrida2inyl,pv^ 

12 pyrazinyl, thiazotyl, oxazolyl, imidazolyl and pyrrazolyl, said phenyl and 

13 heteroaiyl groups being optionally substituted with one or two R, 

14 groups, or 

when Z is -(CR,=CRJ^. and n' is 3, 4 or 5 then Y represents a 
direct valence bond between said (CR,=GR^^ group and B; 

A is (CHj), where q is 0-5, lower branched chain alkyl 
having 3-6 carbons, cycloallg.1 having 3-6 carbons, alkenyl having 2-6 
carbons and 1 or 2 double bonds, allgmyl havmg 2-6 carbons and 1 or 2 

20 triple bonds; 

21 B is hydrogen, CXDOH or a pharmaceutically acceptable salt 
thereof, COOR^ CONR^^ -Q^OH, a^OR„, CH,OCOR„, CHO, 
CH(OR„)„ CHOR^O, -CX)R^ CR/OR^, CR^OR^O, or Si(Q^aIiyI)3, 
where R, is an alkyl, cycloallcyl or alkenyl group containing 1 to 5 
carbons, R, is an alkyl group of 1 to 10 carbons or (trimethylsilyl)all^l 
where the alkyl group has 1 to 10 carbons, or a cycloallgrl group of 5 to 
10 carbons, or R, is phenyl or lower aflgrlphenyl, R, and R,, 
independentfy are hydrogen, an alkyl group of 1 to 10 carbons, or a 
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cycloalkyl group of 5-10 carbons, or phenyl or lower allgrlphenyl, is 
lower alkyl, phenyl or lower alkylphenyl. is lower allgrl, and K„ is 
3 divalent allgrl radical of 2-5 carbons; 

R,4 is hydrogen, allgrl of 1 to 10 cartons, alkenyl of 2 to 10 
carbons and having 1 to 3 double bonds, all^l having 2 to 10 carbons 
and 1 to 3 triple bonds, carbocyclic aiyl selected from the group 
consisting of pheiqrl, Q - qo-aU^Iphenyl, naphthyl, Q - 
Qo^alkyhiaphthyl, phenyl-Q - Q^i, napthyl-Q - Q^i, and 

and R,, are hydrogen or lower alkyl of 1 to 6 carbons R is 
lower allg.1 of 1 to 6 carbons, or R.. and R,, jointly form a ring ha4g a 

11 total of 4 to 5 carbons and the heteroatom; 

12 compounds of Formula 2 ^ «. 
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21 (R3)o-t 1^ 4j-Z-YCR2)-A-B 

22 
23 
24 
25 
26 
27 

^ Foimnla 2 
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1 ^^^^^^ X, is [C(RJ J. where R, is inde^ 

2 to 6 carbons, and n is an integer between 0 and 2; 

3 Xj is S or O; 

4 2 is -N=N-, 

5 -N(d)=N-, 
® -N=N(0)-, 
7 -N=CR,., 

« -CR,=N, 

1° "^J^^*^" ^' ^ ^ integer hav^ 

^3 -NR,-CS, 

« -COO-, 

^5 -OCO-; 

^6 -CSO-; 

17 -OCS.. 

^® -00-CR,=CR,.; 

is hydrogen, lower alkyl of 1 to 6 carbons, F, Q, Br I CF 
fluoro substituted alkyl of 1 to 6 carbons, OH, SH. alko^ of 1 lo 6* 
21 carbons, or alkylthio Of 1 to 6 carbons; 

is hydrogen, lower altyl of 1 to 6 carbons or F; 
m is an integer having the value of 0 - 3; 
o is an integer having the value of 0 - 4; 
Y is a phenyl or naphthyl group, or het^roaiyl selected from a 
group consisting of pyridyl, thienyl, furyl, pyridazinyl, pyrimidinyl 
pyrazinyl, thiazolyl, oxa^olyl. imidazolyl and pyrrazolyl, said phenil and 
heteroaorl groups being optionally substituted with one or two R, 

.nc^.pat:600QSpa.p, ^^^^ 
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1 groups, or 

when Z is -(CR,=CRJ^. and n' is 3, 4 or 5 then Y represents a 
direct valence bond between said (CR,=Ciy^ group and B; 

A is (CHj), where q is 0-5, lower branched chain alkyi 
having 3-6 carbons, cycloall^I having 3-6 carbons, alkenyl having 2-6 

6 carbons and 1 or 2 double bonds, all^yl having 2-6 carbons and 1 or 2 

7 triple bonds; 

8 B is hydrogen, COOH or a pharmaceutically acceptable salt 
thereof, COOR, OONR^, -CH^OH, CH^OR,, CH^OCOR^, CHO. 
CH(OR^, CHOR„0, -COR^ CR^OR,), CR^OR^O, or SiCQ^alkyl), 
where R, is an alkyl, cycloa%l or alkenyl group containing 1 to 5 
carbons, R, is an alkyl group of 1 to 10 carbons or (trii^^thylsifyl)allcyl 
where the alkyl group has 1 to 10 carbons, or a cycloallgrl group of 5 to 
10 carbons, or R. is phenyl or lower alkylphenyl, R, and R,„ 
independently are hydrogen, an alkyl group of 1 to 10 carbons, or a 
cycloalkyl group of 5-10 carbons, or phenyl or lower alkylphenyl, R,, is 
lower alkyl, phenyl or lower alkylphenyl, R„ is lower alkyl, and R^ is 

18 divalent alkyl radical of 2-5 carbons, and 

19 R„ is alkyl of 1 to 10 carbons, fluoro-substituted alkyl of 1 to 10 
carbons, or the two R„ groups jointly form a ring having a total of 3 to 
6 carbons, or the two X^, groups jointly symbolize an oxo (=0) or a 
thio (=S) function, or each of the two X^R,, groups is H; 

23 compounds of Formula 3 

24 

25 

26 

27 ^3)o-t; J^^Z-Y(R2)-A-B 

Xi 

^ Formula 3 
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1 wherein X, is [qRJJ„ where R, is independently H or aJkyl of 1 

2. to 6 carbons, and n is an integer between 0 and 2; 

3 Zis -N=N., 

4 -N(0)=N-, 

5 -N=N(0)-, 

6 -N=CR,-, 

7 -CR,=N, 

8 -(CR, =Ciy^- where n' is an integer having the value 0-5, 

to -CS-NR,-, 

11 -NR,-CX>, 

12 -NRi-CS, X 

13 -COO-, 

14 -OCO-; 

15 -CSO-; 

16 -OCS-; 

17 -CO-CR,=CRi.; 

18 Rj is hydrogen, lower aSkyl of 1 to 6 carbons, F, Q, Br, I, CFj, 

19 fluoro substituted alkyl of 1 to 6 carbons, OH, SH, alkoxy of 1 to 6 

20 carbons, or all^Ithio of 1 to 6 carbons; 

21 is hydrogen, lower alkyl of 1 to 6 carbons or F; 

22 m is an integer having the value of 0 - 3; 

23 o is an integer having the value of 0 - 4; 
Y is a phenyl or naphthyl group, or heteroaiyl selected from a 

group consisting of pyridyl, thienyl. fuiyl, pyridazinyl, pyrimidinyl, 
pyrazinyl, thiazolyl, oxazolyl, imidazolyl and pyrrazolyl, said phenyl and 
heteroaiyl groups being optionally substituted with one or two 
28 groups, or 
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1 when Z is -(CR,^CR^^. and b' is 3. 4 or 5 then Y represents a 

2 direct valence bond between said (CRj^CRj)^ group and B; 

3 ^ «s (CHj), where q is 0-5, lower branched chain alkyl 

4 having 3-6 carbons, cycloallgrl having 3-6 carbons, alkenyl having 2-6 

5 carbons and 1 or 2 double bonds, alkynyl having 2-6 carbons and 1 or 2 

6 triple bonds; 

7 B is hydrogen, CXDOH. or a phannaceuticaUy acceptable salt 

8 thereof, CX)OR^ CONR^ -O^OH. CH^OR„. O^OGOR^, CHO, 

9 CH(OR^„ CHOR„0. .CX>R^ CR^ORJ^ CR,OR„0, or Si(Q^aIkyI)3. 

10 where R^ is an alkyi, cycloalkyl or alkenyl group containing 1 to 5 

11 carbons, R« is an alkyI group of 1 to 10 carbons or (trimethylsilyl)al^l 

12 where the alkyI group has 1 to 10 carbons, or a cycloallg^I group of 5 to 

13 10 carbons, or R, is phenyl or lower alkylphenyl, R, and R^^ 

14 independently are hydrogen, an alkyl group of 1 to 10 carbons, or a 

15 cycloalkyl group of 5-10 carbons, or phenyl or lower alkylphenyl, R„ is 

16 lower alkyl, phenyl or lower alkylphenyl, R„ is lower alkyl, and R„ is 

17 divalent alkyl radical of 2-5 carbons, and 

18 R„ is independently hydrogen, allgri of 1 to 10 carbons, 

19 fluoro-substituted alkyl of 1 to 10 carbons, alkenyl of 2 to 10 carbons 

20 and having 1 to 3 double bonds, alkynyl having 2 to 10 carbons and 1 to 

21 3 triple bonds, carbo<yclic aryl selected from the group consisting of 

22 phenyl, Q - Qp-alkylphenyl, naphthyl, Q - Qo-alkylnaphthyl, phenyl-Q 

23 QoalkyI, naphthyl-Q - Qoalkyl; heteroaiyl selected from the group 

24 consisting of pyridyl, thienyl, fuiyl, pyridazinyl, pyrimidinyl, pyrazinyl, 

25 thiazolyl, oxazolyl, imidazolyl and pyrrazolyl, said phenyl and heteroaiyl 

26 groups being optionally substituted with one or two R, groups, further 

27 R„ is independently CN, CHO, CH(OR^j, CHOR^O, (CH^,COJR^ 
2B (CH2)^CH,OH, (CH^)^CH^OR^, (CH,),CH,OCOR„ where p is an 
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1 integer between 0 to 10, or the two Kj, groups jointly represent 3 to 8 

2 methylene groups which together with the alkylidene carbon complete a 

3 ring, the ring optionaify containing 1 to 2 double bonds and the ring 

4 being optionally substituted with 1 or 2 fi, groups; 

5 compounds of Formula 4 




6 
7 

11 

V 

12 

13 Fonnnia 4 

14 Wherein X, is [C(Ri)J. where is independently H or alkyl of 1 

15 to 6 carbons, and n is an integer between 0 and 2; 

16 Zis -N=N-, 

17 -N(0)=N-, 

18 -N=N(0)-, 

19 -N=CR,-, 

20 -CRj=N, 

21 -(CRi=CRJ^- where is an integer having the value 0-5, 

22 -CO-NR,-, 

23 -CS-NR,-, 

24 -NR,.CX), 

25 -NR,-CS, 

26 -COO-, 

27 -OCO-; 

28 -CSO-; 
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1 -OCS-; 

2 -CO-CR,=CR,s 

3 '^ishydrogen,loweraIkyIof lto6carbons,F, a,Br,I, CF3, 

4 fluoro substituted alkyl of 1 to 6 carbons, OH, SH, alkojgr of 1 to 6 ' 

5 carbons, or all^lthio of 1 to 6 carbons; 

6 R3 is hydrogen, lower alkyl of 1 to 6 carbons or F; 

7 m is an integer having the value of 0 - 3; 

8 o is an integer haying the value of 0-4; 

9 Y is a phenyl or naphthyl group, or heteroaiyl selected from a 

10 group consisting of pyridyl, thienyl, fbiyl, pyridazinyl, pyrimidinyl, 

11 Pyrazinyl, thiazolyl, oxazolyl, imidazolyl and pyn-azolyl, said phenyl a 

12 heteroaiyl groups being optionally substituted with one 6r two 

13 groups, or 

14 when Z is -(ai,=ay^. and n' is 3, 4 or 5 then Y represents a 

15 direct valence bond between said (C^=CR^^ group and B; 

A is (CHj), where q is 0-5, lower branched chain alkyl 

17 having 3-6 carbons, cycloalkyi having 3-6 carbons, alkenyl having 2-6 

18 carbons and 1 or 2 double bonds, alkynyl haying 2-6 carbons and 1 or 2 

19 triple bonds; 

20 B is hydrogen, COOH or a phannaceutically acceptable salt 

21 thereof, COOR^ CONR^^ -O^OH, CH^OR^, CH,OCOR^, CHO, 

22 af(OR J„ CHOR^O, -COR^ CR^ORJ,, CR,OR„0, or Si(Q^allgrl)3, 

23 Where is an alkyl, cycloalkyi or alkenyl group containing 1 to 5 

24 carbons, R, is an alkyl group of 1 to 10 carbons or (trimethylsilyl)allgri 

25 where the alkyl group has 1 to 10 carbons, or a cycloalkyi group of 5 to 

26 10 carbons, or R, is phenyl or lower aUgrlphenyl, R, and R„ 

27 independently are hydrogen, an aJkyl group of 1 to 10 carbons, or a 

28 cycloaikyl group of 5-10 carbons, or phenyl or lower alkylphenyl, is 
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1 lower alkyl, phenyl or lower aUgrlphenyl, R„ is lower allgrl, and R„ is 

2 divalent allgrl radical of 2-5 carbons, and 
Z, is OR, or OR„ where R,. is is phenyl, benzyl, lower allgrl or 

lower dlkoxy substituted phenyl, or Z, is OSi(R^j, OCOR,^ 
OC(R„)(Ri6)3y^7. N(R,,)^ NHCON(R,J^ NHCSN(R,J^ where X, is 
O or S; R,< is hydrogen, alkyl of 1 to 10 carbons, alkenyl of 2 to 10 
carbons and having 1 to 3 double bonds, Okynyl having 2 to 10 carbons 
and 1 to 3 triple bonds, carbocydic aiyl selected from the group 
consisting of phenyl, Q - Qo-aHg^Iphehyl, naphthyl, Q - 
Qo-allg^Inaphthyl, phenyl-C, - 0,^1, naphtlyl-C, - Q^i; and 
R,, are hydrogen or lower aliyl of 1 to 6 carbons, R,, i? lower alkyl of 1 
to 6 carbons, or R,, and I^, jointly fonn a ring having a total of 4 to 5 
13 carbons and the heteroatom; 
t4 compounds of Formiila 5 
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7 
8 
9 

10 

11 

12 



15 



'6 ^^R20 

17, V ^^(^2)in 

" n,.^-4^X¥z-V(R2rA-B 




19 
20 

2^ Fonnala 5 

22 wherein X, is fC(RJ J. where R, is independently H or allgrl of 1 

23 to 6 carbons, and n is an integer between 0 and 2; 

24 Zis -N=N-, 

25 -N(P)=rN-, 

26 -N=N(0)-, 

27 -N=CR,-, 

28 -CR,=N, 
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1 -(CKj=CR,)^- where n' is an integer having the value 0-5, 

2 -CO-NR,-, 

3 -CS-NRi-, 

4 -NR,-CX), 

5 -NR,-CS, 

6 -COO-, 

7 -OCO-; 

8 -csa; 

9 -OCSs 

10 -CX)-CR,=CR,-; 

11 Rj is hydrogen, lower aJkyl of 1 to 6 carbons, F, Q, Br, I, CF,, 

12 fluoro substituted alkyl of 1 to 6 carbons, OH, SH, alkoxy of 1 to 6 

13 carbons, or alk/lthio of 1 to 6 carbons; 

14 Rj is bydiogen, lower alkyl of 1 to 6 carbons or F; 

15 m is an mteger having the value of 0 - 3; 

16 o is an integer having the value of 0 - 3; 

17 Y is a phenyl or naphtiyl group, or heteroaiyl selected from a 



18 group consisting of pyridyl, thienyl, fuiyl, pyridazinyl, pyrimidinyl, 

19 pyrazinyl, thiazolyl, oxazolyl, imidazolyl and pyrrazolyl, said phenyl and 

20 heteroaiyl groups being optionally substituted with one or two R^ 

21 groups, or 

22 when Z is -(CR,=CRJ^- and n' is 3, 4 or 5 then Y represents a 

23 direct valence bond between said (CR,=CRj)^ group and B; 

24 A is (CHj), where q is 0-5, lower branched chain alkyl 

25 having 3-6 carbons, cycloallcyl having 3-6 carbons, alkenyl having 2-6 

26 carbons and 1 or 2 double bonds, alltynyl having 2-6 carbons and 1 or 2 

27 triple bonds; 

28 B is hydrogen, COOH or a pharmaceutically acceptable salt 
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1 thereof COOR^ CONR^o. -CI^OH, CH^ORu, CH^OCORu, CHO, 

2 CH(ORu)^ CHOR„0. -COR^ CR^OR^^, CR,OR„0, or Si(Q^aIkyI)3, 

3 where R^ is an alkyl, cycloalk^ or alkenyl group containing 1 to 5 

4 carbons, Rg is an alkyl group of 1 to 10 carbons or (trimethylsilyl)alkyl 

5 where the attyl group has 1 to 10 carbons, or a cycloall^l group of 5 to 

6 10 carbons, or R, is phenyl or lower all^lphenyl, R, and R^^ 

7 independently are hydrogen, an alkyl group of 1 to 10 carbons, or a 

8 (ycloalkyl group of 5-10 carbons, or phenyl or lower alkylpheriyl, R^, is 

9 lower alkyl, phenyl or lower alkylphenyl, R„ is lower alkyl, and is 

10 divalent alkyl radical of 2-5 carbons; 

11 Xj is O, S, SO or SO2, and v 

12 Rjois Si(C,^alkyl)3, Ri4» COR^^, SOjR^,, where R,< is hydrogen, 

13 alkyl of 1 to 10 carbons, alkenyl of 2 to 10 carbons and having 1 to 3 

14 double bond, alkynyl having 2 to 10 carbons and 1 to 3 triple bonds, 
. 15 carbocyclic aiyl selected from the group consisting of phenyl, Q - 

16 Qo-alkylphenyl, naphthyl, Q - C,o-alkylnaphthyI, phenyl-Q - Qoalkyl, 

17 napthyl-Q - Qoalkyl, or Rj^ is hydroxyall^l, aminoalkyl or thioalkyl 

18 having 1 to 10 carbons; and R^i is all^l of 1 to 10 carbons, fluoroalkyl of 

19 1 to 10 carbons, or carbocyclic aiyl selected from the group consisting of 

20 phenyl, C, - Qo-alkylphenyl and phenyl-C, - Qoalkyl, and 

21 compounds of Formula 6 
22 
23 
24 
25 
26 
27 

28 Fonnala 6 




(R3)o-ir JIL|-Z-Y(R2)-A-B 
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1 wherein Xj is [C(R^J, where R, is independently H or alkyl of 1 

2 to 6 carbons, and n is an integer between 0 and 2; 

3 Zis -N=N-, 

4 -N(0)=N-. 

5 -N=N(0)-, 

6 -N=CRi-, 

7 -CRi=N, 

8 -(CRi=CR])^- where n' is an integer having the value 0-5, 

9 -CONRj-, 

10 -CS-NRj-, 

11 -NRi-CO, 

12 -NR,CS, 

13 -COO-, 

14 -OGO-; 

15 -CSO-; 

16 -OCS-; 

17 -CO-C3Ri=CRj-; 

18 Rj is hydrogen, lower alkyl of 1 to 6 carbons, F, O, Br, I, CF3, 

19 fluoro substituted all^I of 1 to 6 carbons, OH, SH, sUkaxy of 1 to 6 ■' 

20 carbons, or alkylthio of 1 to 6 carbons; 

21 R3 is hydrogen, lower allgrl of 1 to 6 carbons or F; 

22 m is an integer having the value of 0 - 3; 

23 o is an integer having the value of 0 - 3; 

24 Y is a phenyl or naphtfayl group, or heteroaiyl selected from a 



25 group consisting of pyridyl, thieoyl, fuiyl, pyridazinyl, pyrimidinyl, 

26 pyrazinyl, thiazolyl, oxazotyl, imidazolyl and pyrrazotyl, said phei^I and 

27 heteroaiyl groups being optionally substituted ^th one or two 

28 groups, or 
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1 when Z is -(0^=0^^- and n» is 3, 4 or 5 then Y represents a 

2 direct valence bond between said (CR,=CRj)^ group and B; 

3 A is (CHj), where q is 0-5, lower branched chain aUcyl 

4 having 3-6 carbons, cycloalkyl having 3-6 carbons, alkenyl having 2-6 

5 carbons and 1 or 2 double bonds, allgmyl having 2-6 carbons and 1 or 2 

6 triple bonds; 

7 B is l^drogen, COOH or a pharmaceutically acceptable salt 

8 thereof, COOR^ GX)NR^,«, -GH^OH, Oi^OR^, CHiOCOR^, CHO, 

9 CH(OR„)„ CHOR^O, -CX)R^ CR^OR^),, CR,OR„0, or SiCQ^alkyl),. 

10 where R, is an alkyi, cycloalkyl or alkenyl group containing 1 to 5 

1 1 carbons, Rg is an allgri group of 1 to 10 carbons or (triniethylsilyl)all^l 

12 where the alkyl group has 1 to 10 carbons, or a (ycloallgi group of 5 to 

13 10 carbons, or R, is phenyl or lower aliylphenyl, R, and Rj^ 

14 independently are hydrogen, an alkyl groiip of 1 to 10 carbons, or a 

15 cydoalkyl group of 5-10 carbons, or phenyl or lower alkylphenyl, Rj, is 

16 lower alkyl, phenyl or lower alkyrlphenyl, R^ is lower alkyl, and R^ is 

17 divalent alkyl radical of 2-5 carbons;, and 

18 R„ is (R„),-substituted alkyl of 1 - 6 carbons, (R,5),-substituted 

19 alkenyl of 1 - 6 carbons and 1 or 2 double bonds, (Ri5),-substitutfed 

20 alkynyl of 1 - 6 carbons and 1 or 2 triple bonds, (R^),-phenyl, 

21 (Ri5),-naphthyl, or (R„X-heteroaryl where the heteroaiyl group has 1 to 

22 3 heteroatoms selected from the group consisting of O, S and N, r is ah 

23 integer having the values of 0 - 5, and 

24 R„ is independentfy H, F, Q, Br, I, NO2, N(R^2, N(R^(X>R^ 

25 NRgCX)N(Rg)2, OH, OCOR^ OR^ CN, CX)OH,' COOR. an alkyl group 

26 having 1 to 10 carbons, fluoro substituted alkyl group having 1 to 10 

27 carbons, an alkenyl group having 1 to 10 carbons and 1 to 3 double 

28 bonds, alkynyl group having 1 to 10 carbons and 1 to 3 triple bonds, or 
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1 a (trialkyl)silyl or (trialkyJ)siIyIo:gf group where the alkyl g^^^ 

2 independently have 1 to 6 carbons. 

3 ^ In a second aspect, this invention relates to the use of the 

4 compounds of Formula 1 through Formnla 6 for the treatment of 

5 skin-related diseases, including, without limitation, actinic keratoses, 

6 arsem'c keratoses, inflammatory and non-inflammatory acne, psoriasis, 

7 ichthyoses and other keratinization and hyperproliferative disorders of 

8 the skin, eczema, atopic dermatitis, Darriers disease, Kchen planus, 

9 prevention and reversal of glucocorticoid damage (steroid atrophy), as a 

10 topical anti-microbial, as skin anti-pigmentation agents and to treat and 

11 reverse the effects of age and photo damage to the skin. The 

12 compounds are also useful for the prevention and treatment of 

13 cancerous and precancerous conditions, including, premaUgnant and 

14 malignant hyperproliferative diseases such as cancers of the breast, skin, 

15 prostate, cervix, uterus, colon, bladder, esophagus, stomach, lung, larynx, 
'is oral cavity, blood and lymphatic system, metaplasias, dysplasias, 

17 neoplasias, leukoplakias and papillomas of the mucous membranes and 

18 in the treatment of Kaposi's sarcoma. In addition, the present 

19 compounds can be used as agents to treat diseases of the eye, including, 

20 without limitation, proliferative vitreoretinopathy (PVR), retinal 

21 detachment, dry eye and other cbmeopathies, as well as in the 

22 treatment and prevention of various cardiovascular diseases, including, 

23 without limitation, diseases associated with lipid metabolism such as 

24 dyslipidemias, prevention of post-angioplasty restenosis and as an agent 

25 to increase the level of circulating tissue plasminogen activator (TPA). 

26 Other uses for the compounds of the present invention include the 

27 prevention and treatment of conditions and diseases associated with 

28 Human papflloma virus (HPV), including warts and genital warts. 
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1 various inflammatoiy diseases such as pulmonary ffcrosis, fleitis, colitis 

2 and Krolm's disease, neurodegenerative diseases such as Alzheimer's 

3 disease, Parkinson's disease and stroke, improper pituitary function, 

4 including insufficient production of growth hormone, modulation of 

5 apoptosis, including both the induction of apoptosis and inhibition of 

6 T-CeU activated apoptosis, restoration of hair growth, including 

7 combination therapies with the preseiit compounds and other agents 

8 such as Minoxidfl*, diseases assodated with the mmiune system, 

9 including use of the present compounds as immunosuppressants and 

10 iminunostimulants, modulation of organ transplant rejection and 

1 1 facilitation of wound healing, including modulation of chelosis. 

12 Alternatively, those compounds of the invention which act as 

13 antagonists of one or more retinoid receptor subtypes are useful to 

14 prevent certain undesired side effects of retinoids which are 

15 administered for the treatment or prevention of certain diseases or 

16 conditions. For this purpose the retinoid antagonist compounds of the 

17 invention may be co-administered with retinoids. The compounds of 

18 the present invention are also useful in the treatment of acute or 

19 chrome toxicity resulting from overdose or poisoning by retinoid drugs 

20 or Vitamin A. 

21 This invention also relates to a pharmaceutical formulation 

22 comprising a compound of Formula 1 through Formula 6 in admixture 

23 with a pharmaceuticaUy acceptable excipient, said formiilation being 

24 adapted for administration to a mammal , including a human being, to 

25 treat or alleviate the conditions which were described above as treatable 

26 by retinoids, to be co-administered with retinoids to eliminate or 

27 reduce side effects of retinoids, or to treat retinoid or Vitamin A 

28 overdose or poisoning. 
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1 BIOLOGICAL ACnVTIY, MODES OF ADMINISntAITON 

2 Assay of Retinoid-like or Retinoid Anta f>nn ist.like Rinlo ^rai ^nfi^fy 

3 A classic measure of retinpic add activity involves measuring the 

4 effects of retinoic acid on ornithine decarboxylase. The original work 
is on the correlation between retinoic add and decrease in cell 

6 proliferation was done by Venna & BoutweU, Cancer Research, 1977, 

7 37,2196-2201. That reference discloses that ornithine decarbo]grlase 

8 (ODq activity increased precedent to polyainine biosyntiiesis. It has 

9 been established elsewhere that increases m polyamine synthesis can be 

10 correlated or assodated with ceUular proliferation. Thus, if GDC 

11 activity could be inhibited, ceU hypeiproliferation could be modulated. 

12 Although aU cases for ODC activity increases are unknown, it is known 

13 that 12-P-tetradecanoylphorboI-13-acetate (TPA) induces ODC activity. 

14 Retinoic acid inhibits this induction of ODC activity by TPA. An assay 

15 essentially following the procedure set out in Cancer Research: 

16 1662-1670,1975 may be used to demonstrate inhibition of TPA induction 

17 of ODC by compounds of this invention. Activity of exemplary 

18 compounds of the present invention in the above-described ODC assay 

19 is disclosed in Table 1 which provides the IC^o concenti-ation for the 

20 respective exemplaiy compound. fIC„" is that concenti-ation of the test 

21 compound which causes 60% inhibition in the ODC assay. By analogy, 

22 ICgo, for example, is that concentration of the test compound which 

23 causes 80% inhibition in the ODC assay.) 
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1 TABLE 1 

2 ODC Assay 

3 Compoimd N . IC«(iimoIs) 

5 A5 lOJ 

« D3 8.4 

7 C22b 10 

8 124 8.3 
* Ai6 43 



43(IQ») 



10 C14 4 

11 E79 5.3 

12 D34 

13 CIS 14.5 
1^ E15 24.7 

15 Ai7 0.7 

16 E16 88.4 

17 A23 43.7 

18 A2 27 
IS E72b 18 

20 E56a 3.1 

21 D6 1.9 

22 

23 Otherassaysdescribedbelow, measure the ability of the 

24 compounds of the present invention to bind to, and/or activate various 

25 retinoid receptor subtypes. When in these assays a compound binds to 

26 a given receptor subtype and activates the transcription of a reporter 

27 gene through that subtype, then the compound is considered an agonist 

28 of that receptor subtype. Conversely, a compound is considered an 

29 antagonist of a given receptor subtype if in the below described 

30 co-tranfection assays the compound does not cause significant 

31 transcriptional activation of the receptor regulated reporter gene, but 

32 nevertheless binds to the receptor with a value of less than 

33 approximately 1 micromolar. In the below described assays the ability 

34 of the compounds to bind to RAR^ RARb, RARr, RXR., RXR^ and 
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5 
6 



19 
20 
21 
22 
23 

24 

25 

26 

27 

28 



1 RXRp receptors, and the abihty or inabilily of the comppimds to 

2 activate transcription of a reporter gene through these receptor sub^^ 

3 can be tested. 

4 Specifically, a chimeric receptor transactivation assay which tests 
for agonist-Iike activity in the RAR., RAR„ RAR^, RXR. receptor 
subtypes, and which is based on work published by Feigner R T , a,^ H 

7 HoM^ (1989).Focus, 11 2 is descnT)ed in detail in United States 
a Patent No. 5,455,265 the specification of which is hereby e^tpressly 
9 incorporated by reference. 

10 A holoreceptor transactivation assay and a Ugand binding assay 

11 which measure the antagonist/agonist like activity of t^e compounds of 

12 the invention, or their ability to bind to the several retinoid receptor 

13 subtypes, respectively, are described in published PCT Application No 

14 WO W093/11755 (particularfy on pages 30 - 33 and 37 - 41) published 

15 on June 24, 1993. the specification of which is also incorporated herein 

16 by reference. A description of the holoreceptor transactivatioii assay is 

17 also provided below. 

18 HOLORECEPTOR TRANSACnVATTON ASSAY 
CVl cells (5,000 cellsAvell) were transfected with an RAR 

reporter plasmid IVfTV-TREp-LUG (50 ng) along with one of the RAR 
e^qpression vectors (10 ng) in an automated 96-weIl format by the 
calcium phosphate procedure of Hevman et aL Cell 68, 397 - 406, 
(1992). For RXR, and RXRy transactivation ass^ an 
RXR-responsive reporter plasmid GRBPH-tk-LUC (50 ng) along with 
the appropriate RXR expression vectors (10 ng) was used substantially 
as described by ffeymap et al. above, and Allegretto ^.t „i j, Biol. 
Chem. 268, 26625 - 26633. For RXR^ transactivation assays, an 
RXR-responsive reporter plasmid CPRE-tk-LUC (50 mg) along with 
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9 
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26 , 

1 RXRb expression vector (10 mg) was used as described in above. These 

2 reporters contain DRI elements from human CRBPH and certain DRI 

3 elements from promoter, respectively, (see ^fangelsdorfeLaL The 

4 Retinoids: Biology, Chemistiy and Medicine, pp 319 - 349, Raven Press 

5 Ltd., New York and Hevman et al. cited above) (1, 8). A 

6 6-gaIactosidase (50 ng) ejqjression vector was used as an internal control 

7 in the transfections to normalize for variations in transfection efficiency. 

8 The cells were transfected in triplicate for 6 hours, foUowed by 
incubation with retinoids for 36 hours, and the extracts were assayed for 
luciferase and 6-gaIactosidase activities. The detailed experimental 

11 procedure for holoreceptor transactivations has been described in 

12 Heyman et al. above, and Allegretto et al. ritP.rf The results 
obtained in this assay are expressed in EQo numbers, as they are also 
in the chimeric receptor transactivation assay. The Hevman et al. Ct^n 

15 68, 397 - 406, Allegretto et al. J. Biol. Chem. 268, 26625 - 26633, and 
Mangelsdori^etal. The Retinoids: Biology, Chemistiy and Medicine, pp 
319 - 349, Raven Press Ltd., New York, are expressly incoiporated 
herein by reference. The results of ligand binding assay are expressed 

19 in Kj numbers. (See Chen^ et al. Biochemical Pharmacology Vol. 22 pp 

20 3099-3108, expressly incorporated herein by reference.) 

21 Table 2 shows the results of the ligand binding assay for certain 

22 exemplary compounds of the invention for the receptor subtypes in the 

23 RAR group. 



13 
14 
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17 
18 
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1 TABLE2 

2 L^and Binding Assay 

3 

4 Compoand (nanomolar, nM) 

5 No. RARor RAI^ RARy 
6 

7 A6 125 36 127 

8 1000 132 363 

9 a5 19 12 42 

10 E27 551 535 >1000 

11 A18 538 193 162 

12 E80 394 

13 D34 235 200 530 
1^ E14 . 36 35 4^5 
15 A28 4 3 42 
i« E17 192 378 >1000 

17 A24 283 92 259 

18 A2a 150 219 421 

19 E67 77 302 375 

20 D7 >1000 226 >1000 
21 

22 Modes of Administratf nn 

23 The compounds of this invention may be administered 

24 systemicaUy or topically, depending on such considerations as the 

25 condition to be treated, need for site-specific treatment, quantity of 

26 drug to be administered, and numerous other considerations. 

27 In the treatment of dermatoses, it generally be preferred to 

28 administer the drug topicaUy, though in certain cases such as treatment 

29 of severe cystic acne or psoriasis, oral administration may also be used. 

30 Any common topical formulation such as a solution, suspension, gel, 

31 ointment, or salve and the like may be used. Preparation of such 

32 topical formulations are well described in the art of pharmaceutical 

33 formulations as exemplified, for example, by Remington's 
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1 Pharmaceutical Science, Edition 17, Mack Publishing Company, Easton, 

2 Pennsylvania. For topical appUcation, these compounds could also be 
administered as a powder or spray, particularly in aerosol form. If the 

4 drug is to be administered systemically, it may be confected as a 

5 powder, piU. tablet or the like or as a syrup or elixir suitable for oral 

6 administration. For intravenous or intraperitoneal administration, the 

7 compound will be prepared as a solution or suspension capable of being 

8 administered by injection. In certain cases, it may be useful to 

9 formulate these compounds by injection. In certain cases, it may be 

10 useful to formulate these compounds in suppository form or as extended 

1 1 release formulation for deposit under the skin or intr^uscular 

12 injection. - 

13 Other medicaments can be added to such topical formulation for 

14 such secondary purposes as treating skin dryness; providing protection 
against light; other medications for treating dermatoses: medicaments 
for preventing infection, reducing irritation, inflammation and the like. 

Treatment of dennatoses or any other indications known or 
18 discovered to be susceptible to treatment by retinoic add-like 

compounds wiU be effected by adminisft-ation of the therapeutically 

20 effective dose of one or more compounds of the instant invention. A 

21 therapeutic concentration wiU be that concentration which effects 
reduction of the particular condition, or retards it expansion. In certain 
instances, the compound potentiaUy may be used in prophylactic 

24 manner to prevent onset of a particular condition. 

25 A useful therapeutic or prophylactic concentration wiU vary from 

26 condition to condition and in certain instances may vary with the 

27 severity of the condition being treated and the patient's susceptibility to 

28 treatment. Accordingly, no single concentration wiU be uniformly 



15 
16 
17 
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23 
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1 useful, but will require modification depending on the particularities of 

2 the disease being treated. Such concentrations can be arrived at 

3 through routine experimentation. However, it is anticipated that in the 

4 treatment of, for example, acne, or similar dermatoses, that a 

5 formulation containing between 0,01 and 1.0 milligrams per milliliter of 

6 formulation will constitute a therapeutically effective concentration for 

7 total application. If administered systemically, an amount between 0.01 

8 and 5 mg per kg per day of body weight would be expected to effect a 

9 therapeutic result in the treatment of many diseases for which these 

10 compounds are useful. 

11 Those partial or pan retinoid antagonist compounds of the 

12 invention^ when used to take advantage of their antagonist property, can 

13 be co-administered to mammals, including humans, with retinoid 

14 agonists and, by means of pharmacological selectivity or site-specific 

15 deliveiy, preferentially prevent the undesired effects of certain retinoid 

16 agonists. The antagonist compounds of the invention can also be used 

17 to treat Vitamin A overdose, acute or chronic, resulting either fi-om the 

18 excessive intake of vitamin A supplements or from the ingestion of liver 

19 of certain fish and animals that contain high levels of Vitamin A. Still 

20 further, the antagonist compounds of the invention can also be used to 

21 treat acute or chronic toxicity caused by retinoid drugs. It has been 

22 known iii the art that the toxicities observed with hypervitaminosis A 

23 syndrome (headache, skin peeling, bone toxicity, dyslipidemias) are 

24 similar or identical with toxicities observed with other retinoids, 

25 suggesting a common biological cause, that is RAR activation. Because 

26 the antagonist compounds of the present invention block RAR 

27 activation, they are suitable for treating tiie foregoing toxicities. 

28 Generally speaking, for therapeutic applications in mammals, the 
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1 antagonist compounds of the invention can be admistered enterally or 

2 topically as an antidote to vitamin A, or antidote to retinoid toxicity 

3 resulting from overdose or prolonged e3g>osure, after intake of the 

4 causative factor (vitamin A, vitamin A precursor, or other retinoid) has 

5 been discontinued. Alternatively, the antagonist compounds of the 

6 invention are co-administered with retinoid drugs, in situations where 

7 the retinoid provides a therapeutic benefit, and where the 

8 co-administered antagonist compound aDeviates or eliminates one or 

9 more undesired side eiBfects of the retinoid. For this type of application 

10 the antagonist compound may be administered in a site-specific manner, 

11 for example as a topically applied cream or lotion while the 

12 co-administered retinoid may be given enterally. For therapeutic 

13 applications the antagonist compounds of the mvention, like the retinoid 

14 agonists compounds, are incorporated into pharmaceutical 

15 compositions, such as tablets, pills, capsules, solutions, suspensions, 

16 creams, ointments, gels, salves, lotions and the like, using such 

17 pharmaceutically acceptable excipients and vehicles which per se are 

18 well known in the art. For topical application, the antagonist 

19 compounds of the invention could also be administered as a powder or 

20 spray, particularly in aerosol form. If the drug is to be administered 

21 systemically, it may be confected as a powder, pill, tablet or the like or 

22 as a syrup or elixir suitable for oral administration. For intravenous or 

23 intraperitoneal administration, the compound will be prepared as a 

24 solution or suspension capable of being administered by injection. In 

25 certain cases, it may be useful to formulate these compounds by 

26 injection. In certain cases, it may be useful to formulate these 

27 compounds in suppository form or as extended release formulation for 

28 deposit under the skin or intramuscular injection. 
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1 The antagonist compounds also, like the retinoid agonists of the 

2 invention, win be administered in a therapeutically effective dose. A 

3 therapeutic concentration will be that concentration which effects 

4 reduction of the particular condition, or retards its eiqDansion. When 

5 co-administering the compounds of the invention to block 

6 retinoid-induced toxicity or side effects, the antagonist compounds of 

7 the invention are used in a prophylactic manner to prevent onset of a 

8 particular condition, such as skin irritation. 

9 A useful therapeutic or prophylactic concentration will vaiy from 

10 condition to condition and in certain instances may vaiy with the 

11 severity of the condition being treated and the patient's susceptibility to 

12 treatment. Accordingly, no single concentration will be imifonnly 

13 useful, but will require modification depending on the particularities of 

14 the chronic or acute retinoid toxicity or related condition being treated! 

15 Such concentrations can be arrived at through routine experimentation, 

16 However, it is anticipated that a formulation containing between 0.01 

17 and 1.0 milligrams per mililiter of formulation will constitute a 

18 therapeutically effective concentration for total application. If 

19 administered systemically, an amount between 0.01 and 5 mg per kg per 

20 day of body weight would be expected to effect a therapeutic result. 
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1 GENERAL EMBODIMENTS AND SYNTHETIC METHODOLOGY 

2 Definitions 

3 The tenn all^l refers to and covers any and all groups which are 

4 known as normal alkyl, branched-^hain alkyl and cycloallgrl. The term 

5 alkenyl refers to and covers normal alkenyl, branch chain alkenyl and 

6 cycloalkenyl groups having one or more sites of imsaturation. Similarly, 

7 the term allgmyl refers to and covers normal all^yl, and branch chain 

8 all^yl groups having one or more triple bonds. 

9 Lower alkyl means the above^defined broad definition of alkyl 

10 groups having 1 to 6 carbons in case of normal lower alkyl, and as 

11 applicable 3 to 6 carbons for lower branch chained and cycloalkyl 

12 groups. Lower alkenyl is defined similarly having 2 to 6 carbons for 

13 normal lower alkenyl groups, and 3 to 6 carbons for branch chained and 

14 cyclo- lower alkenyl groups. Lower alkynyl is also defined similarly, 

15 having 2 to 6 carbons for normal lower aikynyl groups, and 4 to 6 

16 carbons for branch chained lower alkynyl groups. 

17 The term "ester" as used here refers to and covers any compound 

18 falling within the definition of that term as classically used in organic 

19 chemistry. It includes organic and inorganic esters. Where B (of 

20 Formnla 1 through 5) is -COOH, this term covers the products derived 

21 from treatment of this function with alcohols or thiols preferably with 

22 aliphatic alcohols having 1-6 carbons. Where the ester is derived from 

23 compounds where B is -CHjOH, this term covers compounds derived 

24 from organic acids capable of forming esters including phosphorous 

25 based and sulfur based acids, or compounds of the formula 

26 -CHjOCORx, where Ry is any substituted or unsubstituted aliphatic, 

27 aromatic, heteroaromatic or aliphatic aromatic group, preferably with 

28 1-6 carbons in the aliphatic portions. 
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1 



Unless stated otherwise in this application, preferred esters are 

2 derived from the saturated aliphatic alcohols or adds of ten or fewer 

3 carbon atoms or the cyclic or saturated aliphatic cycUc alcohols and 

4 adds of 5 to 10 carbon atoms. Particularly preferred aliphatic esters are 

5 those derived from lower alky] adds and alcohols. Also preferred are 

6 the phenyl or lower alkyl phenyl esters. 

7 Amides has the meaning dassicaUy accorded that term in organic 
chemistry. In this instance it includes the unsubstituted amides and all 
aliphatic and aromatic mono- and di- substituted amides. Unless stated 
otherwise in this appUcation, preferred amides are the mono- and 

1 1 di-substituted amides derived from the saturated aliphatic radicals of ten 
or fewer carbon atoms or the cyclic or saturated aliphatic-cyclic radicals 
of 5 to 10 carbon atoms. Particularly preferred amides are those 
derived from substituted and unsubstituted lower alkyl amines. Also 
preferred are mono- and disubstituted amides rfArm^ri frr.m fi,- 

16 substituted and unsubstituted phenyl or lower allgriphenyl amines. 

17 Unsubstituted amides are also preferred. 

18 Acetals and ketals indude the radicals of the formula-CK where 

19 K is (-OR)2. Here, R is lower allgrl. Also, K may be -OR^O- where R, 

20 is lower alkyl of 2-5 carbon atoms, straight chain or branched. 

21 A pharmaceuticaUy acceptable salt may be prepared for any 
compounds in this invention having a functionality capable of forming a 
salt, for example an add functionaUty. A pharmaceuticaUy acceptable 

24 salt is any salt which retains the activity of the parent compound and 

25 does not impart any deleterious or untoward effect on the subject to 

26 which it is administered and in the context in which it is administered. 
PharmaceuticaUy acceptable salts may be derived from organic or 

inorganic bases. The salt may be a mono or polyvalent ion. Of 



8 
9 

10 



12 
13 
14 
15 



22 

23 



27 
28 



anergaii:paL-600Q5iMi.apI 



1718( Allei^ 



34 

1 particular interest are the inorganic ions, sodium, potassium, calcium, 

2 and magnesium. Organic salts may be made with amines, particularly 

3 ammonium salts such as mono-, di- and trialfyl amines or ethanol 

4 amines. Salts may also be fomied with caffeine, tromethamine and 

5 similar molecules. Where there is a nitrogen sufBdently basic as to be 

6 capable of forming acid addition salts, such may be formed with any 

7 inorganic or organic acids or alkylating agent such as methyl iodide. 

8 Preferred salts are those formed with inorganic adds such as 

9 hydrochloric acid, sulfuric add or phosphoric add. Any of a number of 

10 simple organic adds such as mono-, di- or tri- acid may also be used. 

11 Some of the compounds of the present invention may have trans 

12 and CIS (E and Z) isomers. In addition, the compounds of the present 

13 invention may contain one or more chiral centers and therefore may 

14 exist in enantiomeric and diastereomeric forms. Still further oxime and 

15 related compounds of the present invention may exist in syn and anti 

16 isomeric forms. The scope of the present invention is intended to cover 

17 all such isoniers per se, as well as mixtures of cis and trans isomers, 

18 mktures of syn and anti isomers, mixtures of diastereomers and racemic 

19 mixtures of enantiomers (optical isomers) as well.. In the present 

20 application when no specific mention is made of the configuration {cis, 

21 trans, syn or anti or R or S) of a compound (or of an asymmetric 

22 carbon) then a mixture of such isomers, or either one of the isomers is 

23 intended. In a similar vein, when in the chemical structural formulas of 

24 this application a straight line representing a valence bond is drawn to 

25 an asymmetric carbon, then isomers of both R and S configuration, as 

26 well as their mixtures are intended. Defined stereochemistiy about an 

27 asymmetric carbon is indicated in the formulas (where applicable) by a 

28 solid triangle showing B configuration, or by a hashed line showing a 
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1 configuratioii. 

2 Referring now to the nomendature used in naming the 

3 compounds of the invention and intennediate compounds leading 

4 thereto, the system for numbering the tetrahydronaphthalene ring is 

5 demonstrated as shown by the structural formulas of Componnds F, G 

6 and A2. Compound A2 is an exemplaiy compound of the invention 

7 within the scope of Formnla 2 and Compounds F and 6 are two 

8 exemplaiy intermediates utilized in the sjmthesSs of the compounds of 

9 the invention. The numbering systems iUustrated here corresponds 

10 substantially to lUPAC rules, and wiU be readily apparent to those 

11 skilled in the art as it is applied in the ensuing description. 

12 
13 
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1 Generalfy speaking the compounds of the inventioii are made in 

2 synthetic steps which invoNe the fonnation of the 

3 tetral^dronaphthalene, dil^dTonaphthalene, indane or suberane 

4 moiety, substituted with the desired R,, Rj and R3 groups and with a 

5 reactive group, such as bromo group, that allows coupling with a reagent 

6 that introduces the -Z-Y(S2)-A-B group. Such a reagent can be 

7 generally described as Xy^Z-Y(R^-A'B 

8 where X3 is a reactive group, in mai^ instances a leaving group,, such as 

9 halogen. The -Z-Y(R2)-A-B group may also be formed in a series of 

10 reactions performed starting with the tetrahydronaphthalene, 

11 dihydronaphthalene, indane or suberane molecule that has the 

12 appropriate reactive group or reactive position, in the aromatic nucleus. 

13 The substituent or substituents in die 5 or 8 positions of the 

14 tetrahydronaphthalene or dil^dronaphthalene (and by analogy in the 

15 corresponding positions of indane and suberan) which are designated as 

16 and X^Rj in Formula 1, as (XjRj8)2 in Formula 2, =C(Rj^)2 in 

17 Formula 3, N^Z, in Formula 4, X2R20 in Formula 5 and R^^ in Formula 

18 6 may be introduced intQ the tetrahydronaphthalene or 

19 dihydronaphthalene ring moiety before coupling with the reagent X^-Z- 

20 Y(R2)-A-B, or before fonnation of the -Z-Y(R2)-A-B group. In other 

21 examples coupling with the reagent X3-Z-Y(R^-A-B or formation of 

22 the -Z-Y(R2)-A-B group attached to the tetrahydronaphthalene or 

23 dihydronaphthalene nucleus is performed first to yield an intermediate 

24 that includes the tetrahydronaphthalene, dihydronaphthalene (and by 

25 analogy indane or suberane) moiety covalently linked to the -Z-Y(R2)-A- 

26 B group, but which has a reactive group, preferably such as an 0x0 or 

27 trifluoromethanesulfonylojg^ function, in the 5 or 8 position. In these 

28 cases the substituents of these two positions, as defined in Formulas 1 • 
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1 6, are introduced into the intermediate by appropriate reactions which 

2 are described in detail below. 

3 The synthetic methodology employed for the synthesis of the 

4 compounds of the present invention may also include transformations of 

5 the group designated as -A-B in Formulas 1-6. Generally speaking 

6 these transformations involve reactions well within the rHII of the 

7 practicing organic chemist. In this regard the following well known and 

8 published general principles and synthetic methodology are briefly 

9 described. 

10 Carboxylic adds are typicalfy esterified refluxing the acid in a 

11 solution of the appropriate alcohol in the presence of ^n acid catalyst 

12 such as hydrogen chloride or thioi^l chloride. Alternatively, the 

13 carboxylic add can be condensed with the appropriate alcohol in the 

14 presence of dicydohexyicarbodiimide and dimethylaminopyridine. The 

15 ester is recovered and purified by conventional means. Acetals and 

16 ketals are readily made by the method described in Marcl^ "Advanced 

17 Organic Chemistiy," 2nd Edition, McGraw-Hill Book Cbmpany, p 810). 

18 Alcohols, aldehydes and ketones all m^ be protected by forming 

19 respectively, ethers and esters, acetals or ketals by known methods such 

20 as those described in McOmie, Plenum Publishing Press, 1973 and 

21 Protecting Groups. Ed. Greene, John Wiley & Sons, 1981. 

22 To increase the value of n in the compounds of XyZrY(Rj^-A-B 

23 or precursors thereof, before affecting the coupling or linkage with the 

24 tetrahydronaphthalene, dilqrdronaphthalene nucleus (where such 

25 compounds are not available from a commercial source) aromatic or 

26 heteroaromatic carboxylic adds are subjected to homologation by 

27 successive treatment under Amdt-Eistert conditions or other 

28 homologation procedures. Alternatively, derivatives which are not 



aIIeiganq>at:600QSpa;apI 



17186 Alle^gan 



38 

1 carboxylic acids may also be homologated by appropriate procedm-es. 

2 The homologated acids can then be esterified by the general procedure 

3 outlined in the preceding paragraph. 

4 Cbmpounds of formula X3-Z-Y(»jj)-A-B (or of the invention 

5 as set forth in Foimnlas 1 through 6, as applicable) where A is an 

6 alkenyl group having one or more double bonds can be made for 

7 example, by synthetic schemes well known to the practicing organic 

8 chemist; for example by Wittig and like reactions, or by introduction of 

9 a double bond by elimination of halogen from an 

10 alpha-halo-aiylalkyl-carbojg^lic add, ester or like carboxaldehyde. 

11 Cbmpounds of formula X3-Z-Y(Rj)-A-B (or of the invention as set 

12 forth in Formulas 1 through 6i as applicable) where the A group has a 

13 triple (acetylem'c) bond can be made by reaction of a corresponding 

14 aromatic methyl ketone with strong base, such as lithium diisoprop>'l 

15 amide, reaction with diethyl chlorophosphate and subsequent addition 

16 of lithium diisopropylamide. 

17 The acids and salts derived from compounds of the invention are 

18 readily obtainable from the corresponding esters. Basic saponification 

19 with an alkali metal base will provide the acid. For example, an ester of 

20 the invention may be dissolved in a polar solvent such as an alkanol, 

21 preferably under an inert atmosphere at room temperature, with about 

22 a three molar excess of base, for example, lithium hydroxide or 

23 potassium hydroxide. The solution is stirred for an extended period of 

24 time, between 15 and 20 hours, cooled, acidified and the hydrolysate 

25 recovered by conventional means. 

26 The amide may be formed by any appropriate amidation means 

27 known in the art from the corresponding esters or carbo:^Iic acids. One 

28 way to prepare such compounds is to convert an acid to an acid chloride 
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1 and then treat that compound with anunoniiun hydroxide or an 

2 appropriate amine. For example, the ester is treated with an alcoholic 

3 base solution such as ethanolic KOH (in approximately a 10% molar 

4 excess) sit room temperature for about 30 minutes. The solvent is 

5 removed and the residue taken up in an organic solvent such as diethyl 

6 ether, treated with a dialkyl formamide and then a 10-fold excess of 

7 oxafyl chloride. This is all effected at a moderately reduced 

8 temperature between about -10 degrees; and +10 debtees C The last 

9 mentioned solution is then stirred at the reduced temperature for 1-4 

10 hours, preferably 2 hours. Solvent removal provides a residue which is 

11 taken up in an inert organic solvent such as benzene, cooled to about 0 

12 degrees C and treated with concentrated ammonium hydroxide. The 

13 resulting mixture is stirred at a reduced temperature for 1-4 hours. 

14 The product is re-covered by conventional means. 

15 Alcohols are made by converting the corresponding adds to the 

16 add chloride with thionyl chloride or other means (J. March, "Advanced 

17 Orgam'c Chemistiy", 2nd Edition, McGraw-Hill Book Company), then 

18 reducing the acid chloride with sodium borohydride (March, Ibid, pg. 

19 1124), which gives the corresponding alcohols. Alternatively, esters may 

20 be reduced with lithium aluminum hydride at reduced temperatures. 

21 Alkylating these alcohols with appropriate alkyl h^des under 

22 Williamson reaction conditions (March, Ibid, pg. 357) gives the 

23 corresponding ethers. These alcohols can be converted to esters by 

24 reacting them with appropriate acids in the presence of acid catalysts or 

25 dicyclohej^lcarbodiimide and dimethylaminopyridine. 

26 Aldehydes can be prepared from the corresponding primary 

27 alcohols using mOd oxidizing agents such as pyridinium dichroniate in 

28 methylene chloride (Corey, E. J., Schmidt, G., TeL Lett .. 399, 1979) . or 



aDeiganq>at:600QSpa^pI 



17186 Allei^gan 



40 

1 dimethyl sulfoxide/oxalyl chloride in methylene chloride (Omura, K., 

2 Swem, D., Tetrahedron. 1978. 34. 1651). 

3 Ketones can be prepared from an appropriate aldehyde by 

4 treating the aldel^de with an all^l Grignard reagent or similar reagent 

5 followed by oxidation. 

6 Acetals or ketals can be prepared from the corresponding 

7 aldehyde or ketone by the method described in March, ibid» p 810. 

8 Reagents of formula XyZ-Y(jR^'A-Ji (or compounds of the 

9 invention as set forth in Foiinnlas 1 throu^ 6, as applicable) where B is 

10 H can be prepared from the corresponding halogenated aromatic or 

11 heteroaromatic compounds, preferably where the halogen is 1. 

12 SPECIFIC EMBODIMENTS 

13 With reference to the symbol Y in Formulas 1 through 6, the 

14 preferred compounds of the invention are those where Y is phei^l, 

15 naphthyl, pyrid|yl, thiei^I or fuiyl. Even more preferred are compounds 

16 where Y is phenyl, naphthyl or pyridyl. As far ias substititutions on the 

17 Y (phenyl), Y (pyridyl) and (Y) naphthyl groups are concerned, 

18 compounds are preferred where the phenyl group is 1,4 (para) 

19 substituted, the naphthyl group is 2,6 substituted and where the pyridine 

20 ring is 2,5 substituted. (Substitution in the 2,5 positions in the "pyridine" 

21 nomenclature corresponds to substitution in the 6-position in the 

22 "nicotinic acid" nomenclature.) In the preferred compounds of the 

23 invention there is no optional Rj substituent on the Y group. 

24 The A-B group of the preferred compounds is (CHj)a-COOH or 

25 (CH^^-COOR^ where is defined as above. Even more preferably n 

26 is zero and R, is lower all^l. 

27 Referring still to the preferred compounds of Formulas 1 through 

28 6, the X, group is preferably C(R^2f that is the preferred compounds 
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1 are tetFahydronaphtbalene or dibydronaplitlialene derivatives. The 

2 aromatic portion of the tetrafaydronaphthalene or difaydronaphthalene 

3 moiety is preferabfy substituted onfy by the -Z-Y(R2)-A-B group. In 

4 other words, in the preferred compounds there is no substituent 

5 (other than iQrdrogen). Similarfy, in the preferred compounds of the 

6 invention there is no R, substituent (other than hydrogen). The 

7 substituent of the compounds of the invention is preferabfy lower all^l, 



8 and even more preferably methyl. 

9 Preferred Z groups are: 

10 -(CRi=Ciy^- where n* is 0, 1, or 3 (when n* is 3 then Y 

11 represents a direct valence bond between the -(CRj=CRi)^- group and 

12 the -A-B group), 

13 -N=N-, 

14 , -CO-CRi=CRi-, 

15 -COO-, and 

16 -CONH-. 

17 Referring now q>ecL6caIly to coioipounds in accordance with 



18 Formula 1, compounds in these series are preferred where ^ is O, the 

19 group is H, lower all^l, or CHjCOOR^ and R, is H, Si(C,^alkyl)3, 

20 CXDRj^ C(R^)(R,<)XjRi7. COCH, for CORi^, and CH2OCH3 and 2-(l- 

21 tetrahydropyranyl) for the C(Rjs)(TS(^X^j group are particularly 

22 preferred. 

23 The most preferred compounds in accordance with Formula 1 are 

24 listed below in the Table for Formula lA and with reference to that 

25 formula. 

26 
27 
28 
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1 
2 
3 
4 
5 
6 
7 



pRs 



8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 



Compound 
No. 



A-32 
B-3 



R4 



CHjCOOB 

H 



B-4 

B-5 

B-8 

B-9 

B-10 

C-13 

C'19 

G-26 

C'27 

C-29 

C-31 

D-1 

D-5 

D-6 

D-7 

D-27 

E-32 

E-33 

E-34 



H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
CH,cooa 
H 
H 
H 
H 
H 
H 
H 




CO2R8 



Formula lA 



TABLE For Formula lA 



2,6-C„H^ 

2i6-C«H^ 
2»6-C|gH^ 



H CH=CH 1,4-CgH,-' 
t-butyl — 2,6.CjaH.« 
dimethyl 
silyl 

H - 
H 

CH^OCHj - 
CH2OCH3 -- 
COCH3 - 
H pofyene^ — 
H pofyene* — 
cHjOcn polyene* — 
cHfiCH, pofyene* — 
THP' polyene* ~ 
THP' potyene* ~ 
H -N=N- wKifi,^ 
H -N=N- i.4^« 
CHjOa^ -N=N- 1.4-cAi 
CHjOCH, -N=N i.4<:;h4' 
O^OCH, COCHaCS- i.4-c:^« 
H CX)-NH i.4<^H«« 

H <X>NH. l,4<:^i 

CHjCXH, -CO-NH- l,4-ejH«« 



Conf^nration, 

^Wben Applicable 
and or position 
of substituent Z 

Et 2 

Et 2 



Et 2 

H 2 

Et 2 

H 2 

Et 2 

Et 2 

H 2 

Et 2 

H 2 

Et 2 

H 2 

Et 2 

Et 2 

Et 2 

H 2 

H 3 

Et 2 

H 2 

Et 2 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 
13 
14 
15 
16 
17 
18 

20 

21 

22 

23 

24 
25 
26 
27 
28 



29 
30 
31 
32 

33 

34 

35 

36 



E-35 

E-^37 
E-38 
E-39 
E-40 
E-41 
E-49 
E-54 
E-56 
E-60 
E-64 
E-65 
E-66 
E-67 
E-70 
E-72 
E-74 
E-75 
E-76 
E-77 
E-82 

2' 
3 
4 



H 
H 
H 
H 
H 
H 

CH2COOEt 
CHjCOOEt 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

XT 

XJl 

H 
H 



CH,CX3I, 

H 
H 

CH20CH3 
COCH3 

H 

THP' 
THP' 
THP" 
THP' 
THP" 

rap' 
raF 
rap' 

rap' 
rap' 

H 



-CO-NH 

-CX3-0- 
-CO-O- 

-co-o- 
-co-o- 

-CX)-NH- 

-co-o- 
-co-o- 
-co-o- 
-co-o- 
-co-o- 
-co-o- 
-co-o- 

-CO-NH 
-CO-NH- 1.4^« 
-CO-NH 1.4^ 
-CO-^NH 1.4^:;^ 
-CX>-NK 
-CO-NH 1.4^ 

-<X)-0- lAJC^ 



1.4-C^» H 



1.4-0^' 

1.4-QH«i 
1.4-C;H, 

i.4-c;h. 



H 

Et 
Et 
Et 
Et 
Et 

H 
H 
H 
H 

Etv 
Et 
H 
H 

TJT 

XX 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 



1,4-QH4 stands for 1,4-substituted phenyl 
2,6-C,oH5 stands for 2,6-substituted naphthalene 
ra[P stands for 2-(l-tetrahydropyranyl). 
polyene stands for -C(CH3)=CH-CH=CH-(CH3)=CH- 



Referring now to compounds in accordance with Formula 2, 
compounds in these series are preferred where the two Xjl^, jointly 
symbolize an 0x0 (=0) group, or where the two groups each 
symbolize an S-all^l group, or where where the two XjRu groups jointly 
symbolize two sulphur atoms connected with a alkyledene brid^ as in a 
cyclic thioketai function. 

The most preferred compoimds in accordance with Fonnala 2 are 
listed below in the Table for Fonnala 2A and with reference to that 
formula. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



11 Compound 

12 No. Xj 

13 



14 


A-2 


n 


15 


/\-^ 


o= 


16 


A-23 


s 


17 


A-24 


s 


18 


B-1 




19 


B-2 




20 


B-6 


o» 


21 


B-7 


o» 


22 


C-5 




23 


D-10 




24 


E-28 




25 


E-29 


o» 


26 


£-36 




27 


E-44 


o» 


28 


E-81 
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FormnlalA 



TABLE FOR FORMUIA 2A 





Z 


Y 






-CH^CH- 


l,4-CeH42 


Et 








n. 






1,4-0^2 


Et 




3- -CH=CH- 




H 


H* 




2.6.QoH6^ 


Et 






2,6-qoH6* 


H 






2,6-QoIV 


Et 






2,6-qoH«' 


H 




polyene* 




Et 




-N=N- 




Et 




-CO-NH- 


1,4-0^2 


Et 




-CX>-NH- 


l,4-CeH,2 


H 




-COO- 


1,4-C«H22 


(CH^i(CH^ 




-COO- 




Et 




-COO- 




benzyl 
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1 * The two Xj-Rjg jointly symbolize an oxo (=0) group; 

2 ' 1,4-0^ stands for 1,4-substituted phenyl; 

3 ^ The three methylene groups form a propylene bridge; 

4 :* Each of the two X^Ru groups is 

5 ^ 2,6-QoH« stands fot 2,6-substitufed naphthalene. 

6 * polyene stands for -C(CT3)=CH-CH=CH-(CH,)=CH- 

7 Compounds in accordance with Fonniila 3 are preferred where 

8 the R„ groups are allcyl, espbdally lower aliyl, most preferably methyl 

9 or ethyl, where the two groups together with the methyledene 

10 carbon form a 5 or 6 membered rin^ and where the Rj, groups are 

11 phenyl. Cbmpounds are also preferred in accordance ^dth this formula 

12 where one of the R^, groups is COOR^ or CX^OH, and tlie other is H. 

13 The most preferred compounds in accordance with Formula 3 are 

14 listed below in the Table for Fonsala 3A and with reference to that 

15 formula. 

17 
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1 
2 
3 
4 

5 
6 
7 



TABLE FOR FORMULA 3 A 



28 
29 
30 
31 
32 
33 
34 

35 

36 

37 

38 



Compound 
No. R„' 



8 


A-25 


CHj 


9 


A-26 


CH3 


10 


A-27 


CHjCH, 


11 


A-28 


CF^CHj 


12 


A-29 


13 


A-31 


14 


C-17a 


CXDOEt 


15 


C-17b 


COOEt 


16 


0-36 


CH3 
phenyl 


17 


C41 


18 


D-2a 


COOEt 


19 


D-23 


CH3 


20 


E-13 


CH, 


21 


E-U 


CH3 


22 


E-15 


CH3 


23 


E-16 


CH3 


24 


E-17 


ai3 


25 


E-50a 


COOEt 


26 


E-52 


COOH 


27 


E-53 


COOH 



CH3 -CH=CH- 1,4-CeH/ 
CHj -CH=CH- l,4-QH4i 
CHjCH3 CH2CH3 -CH-CH- 

CH2CH3 -CH»CH- hi-C^' 
-CH=CH. 
-CH=CH- lACgH^i 
polyene' 



H 

H 
CH3 
phenyl 
H 

CH3 
CiU 

ch; 
CH3 
CH3 

H 
H 
H 



potyene' 
po^eiie' 
pofyene' 
-N=N- 

-coo- 

-coa 
-coo- 

-CONH- 
-CQNH- 
-eONH- 
-CONH- 
-CONH- 



1.4-C^» 
1,4-C^i 

l,4-C6H,i 
1,4-C^i 

1.4.C6H;.* 
1,4-C^t 
1.4-C^t 



Et 
H 
Et 
H 
Et 
H 
Et 
Et 
Et 
Et 
Et 
H 

CHjCH,SiMe, 

H 
Et 
Et 
H 
Et 
H 
H 



Ccmfigiunition 
^en applicable 
zad/oT position 
of substituent 

2 
2 
2 
2 
2 
2 

2, arid 
2,syn 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 

2, CIS 
2, <nz/u 



* l,4-CgH4 stands for 1,4-substituted phenyl 

^ The S-methylene groups together with ^e mediyledene groi^ form a 6- 
membered ring. 

' polyene stands for C(CH3)=CH-CH=CH-qCEl3)=CH- 

Referring now to compounds in accordance with Formula 4, 
compounds in these series are preferred where the Zj group is O-lower 
alkyl, especially OCH3 or OCHjCHj. The most preferred 
compounds in accordance with Formiila 4 are listed below in the Table 
for Formala 4A and with reference to that formula. 



39 
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2 
3 
4 

5 
6 




Z— Y-C0^8 



8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 



Fmnuta 4A 
TABLE FOR FORMULA 4A 



Compound 
No. 



A.3 
A-4 
A-S 
A-6 
A-7 
A-8 
B-11 
B-12 
06 
C.22a 
022b 
C.24 
C-25 
D-S 
D-4 
r)-29 
E-30 
E-31 
E-42 
E-43 
E-46 



OCH3 
oa^CHj 
0CH3CH3 

OH 
OH 

OCH3 
0CH3 
0CH3 
OCH3CH3 



OCHiOT3 
OCH^CHa 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH, 



'CH=CK- 
-CH=CH- 
-CH=CH- 
-CH=CH- 
-CH=CH- 
-CH«CH- 



polyene' 
polyene' 
po]^ene' 
potyene' 
pofyene' 
-N=N- 
-N=N- 
<:0-CH=CH- 
-CONH- 
-CONH- 
-COO- 

-cob- 
-000- 



1 Ajn XX 1 
1.4-QH,i 

2,6-qoH^ 



Position of Z 

Substituent 

and/or 

configiiration as 
AppUibable 



H Xand 

Et 2,aiiA' 

H 2, flntf 

Et 2, flnrf 

H 2. 

Et 2,artrf 

H 2, ana* 

Et 2, anrf 

Et 2,jpyn 

Et Xand 

— H 2,syn 

~ H 2, anti 

1,4-C4H4» Et 2, anti 

H 2, a«ft* 

1.4-QH,i H 3 

l,4-qjH,i Et 2, and 

1.4-C«H,» H 2,a/ift- 
l,4-CiH,» (CiySiMe, 2, anft* 

H 2, a/itf 

l,4-CyEi,» Et 2,flnrf 
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1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 



* Stands for 1,4-substituted phenyl 

* stands for 2,6-substituted naphthyl 

' polyene stands for C(CH3)=CH-CH=CH-qCH3)=CH- 

Compounds in accordance with Fommla 5 are preferred where 
the group is lower all^l, phenyl or SO^CFy 

The most preferred compounds in accordance with Fonnnla 5 are 
listed below in the Table for Fonnnla 5A and with reference to that 
formula. 

^^20 XO2R8 




Formula 5A 
TABLE FOR FORMULA 5A 



Compound 



18 


No. 




Rjo 


Z 


Y 




19 


A-9 


0 


SO2CF3 


-CH=CH- 




Et 


20 


A-16 


s 


phenyl 


-CH=CH- 




Et 


21 


A*18 


s 


phenyl 


-CH=CH. 


1.4-QH4* 


H 


22 


A-17 


S02 


phenyl 


-CH=CH. 


l,4-QH,i 


Et 


23 


A-I9 


S02 


phezQ^l 


-CH=CH- 




H 


24 


A-20 


s 


CK^CH, 


-CH=CH- 




Et 


25 


A-21 


s 


CH2CH3 


-CH=CH- 


I.4-QH4I 


H 


26 


A-22 


S02 


CH2CH3 


-CH^CH- 




H 


27 


C-10 


s 


phei^l 


polyene* 




Et 


28 


C-11 


S02 


phei^l 


pofyene* 




Et 


29 


C-12 


so 


phenyl 


polyene* 




Et 
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1 


C-14 


O SO2CF, 


polyene* 






2 


C-28 


0 trimetlgds])4 


pofyene* 




Pi- 
HI 


3 


D-11 


0 80,0? 


-N=N- 


1 4-CH 1 


HI 


4 


E-20 


S phenyl 


-COMH- 


1.4-CcHLi 


Ft 


5 


E-21 


S phenyl 


-CONH- 


1 4-CJI » 


IT 

• n 


6 


E-22 


SO, , phenyl 

• • ✓ 


-CONH- 


14-ClHi 


U 
Xo. 


7 


E-23 


S phenyl 




1,4-CJL» 


Et 


8 


E-24 


SOj phenyl 

• * ✓ 


-COO- 




Ft 


9 


E-25 


S phenyl 


-COO- 




(CH^i(CH,), 


10 


E-26 


S phenyl 


-cpo- 


1 A #^ XT 1 


H 


11 


E-27 


SO2 phenyl 


-COO- 




W 


12 


* stands for 1,4-substituted phenyl 




13 


^polyene stands for C(CH,)=(:M-CH=CH.(CH3)=CH 





14 



16 
17 



Referring now to compounds in accordance with < 
15 compounds in these series are preferred where the R,^ group is 

thiazolyl, more preferably 2-thiazolyI, thienyl, more preferably 2-thienyl, 
branched chain lower alkyl, more preferably /-butyl, or where Rj^ is 

18 CHjCXDOR, or CH2COOH. 

19 The most preferred compounds in accordance with Formula 6 are 

20 listed below in the table for Fonnula 6A and with reference to that 

21 formula. 



22 

2 

24 ir -ll-Z— Y-C0^8 

25 

26 
27 

28 Formula 6A 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



TABLE FOR FORMULA 6A 



Compoand 



No. 



M4 



34 

35 
36 
37 



A-10 

A-12 

A-IS 

A-15 

C-15 

C-20 

C-46 

D-2b 

D-12 

D-13 

D-18 

D-20 

D-34 

E-7 

E-S 

E-9 

E-10 

E-11 

E-50b 

E-55 

E-79 

E-80 



2-thiazolyI 

2-thiazoIyI 

2-thienyl 

2-tMenyl 

2-thienyI 

2-tliienyI 

t-butyl 

CH^COOEt 
2-thienyI 
2-thienyl 

CHjCOOEt 
t-butyl 
2-thienyl 
2-thieiiyl 
2-tiiienyI 

2-thienyI 

2-thienyI 

2-thieiiyl 

CHj-COOEt 

CHjCOOEt 

t-butyl 

t-butyl 



-CH=CH- 
-CH=CH- 
-CH=CH- 
-CH=CH- 
polyene* 
pofyene* 
polyene* 
-N=N- 
-N=N- 
-N^N- 
CO-CH=CH- 
CO-CH=CH. 
CX)-CH=CH- 
-CO-NH' 
-CO-NH- 
-COO- 
-COO- 
-COO- 
-CO-NH- 
-COO- 
-CO-NH- 
-CXD-NH- 



i,4-cya,» 

l,4-C<jH«» 
1,4-QH.i 



1,4-C6H,» 
l,4-C6H,i 



iEt 
H 
Et 
H 
Et 
H 
Et 
Et 

H X 
H 
H 
H 
Et 
H 
Et 

H 



Et 
Et 
Et 
H 



Position 
of Z Sob- 
stitnent 

2 
2 
2 
2 
2 
2 
2 
2 
2 

: 2 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 



^ stands for 1,4-substituted phei^l 
* polyene stands for C(CH3)=CH-CH=CH-qCH3)=CH- 



The compounds of this invention can be made by the general 
procedures outlined above under the title ""GENERAL 
EMBODIMENTS AND SYNTHETIC METHODOLOGY", The 
following chemical pathways represent the presently contemplated best 
synthetic routes to certain exemplary compounds of the invention 
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1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



illustrated here. However, the synthetic chemist will readily appreciate 
that the conditions set out here for these specific embodiments can be 
generalized to any and all of the compounds represented by Foimnlas 1 
through 6, 



Compound B 



Compound F 

|crQ3 
H0AC/AC20 




LDIBAUi 
ZIPlgCHCOtzEtj+Br 

3.H2/ft.C 



EtO- 



H2SO4 




11 



Br 



Confound D 

I 

i MeMgBr 




Compound E 



Reaction Scheme 1 
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1 Important starting materials for the synthesis of the preferred 

2 compounds of the invention are 

3 6-brom6-l,2,3,4-tetrahydro-l,l-dimethyhiaphthalene (Compoimd F), 

4 7-bromo-3,4-dihydro-4,4-dimethyInaphthalen-l-one (Compound G), and 

5 the isomeric bromo compound, 

6 6-bromo-3,4-dihydro-4,4HdimethyInaphthalen-l(2H)-one (Compound H). 

7 Compound G can be obtained as described in /. Med. Chem. 1995, 38, 

8 4764 - 4767, and as shown in Reaction Scheme 1. Thus, referring now 

9 specifically to Reaction Scheme 1, ethyl 3-brombpheiiylacetate 

10 (Compound B, made by esteiification of 3-bromophenyIacetic add) is 

11 reduced with diisobulylaluminum hydride (DIBAL H) tq yield 

12 (3-bromophenyl)acetaldehyde. (3-Bromophenyl)acetaldehyde is reacted 

13 in a Wittig reaction with (carbethoxymethylene)triphenylphosphorane to 

14 provide a mixture of E and 2 ethyl 4-(3-bromophenyl)but-2-cnoates. 

15 The latter compounds are hydrogenated to yield ethyl 

16 4-(3-bromophenyl)butanoate (Compound D). Compound D is reacted 

17 with the Grignard reagent derived fi-om methylbromide to give the 

18 tertiary alcohol 5-(3-bromophenyl)-2-methylpentan-2-ol (Compound E) 

19 (It should be apparent to those skilled in the art, that the choice of the 

20 Grignard reagent used in this reaction step determines the nature of the 

21 Rj substituent in the resulting compounds of the invention.) Compound 

22 £ is then treated with add to cyclize it and to form 

23 6-bromo-l,2,3,4-tetrahydro-l,l-dimethyhiaphthalene (Compound ¥). 

24 Compound F is oxidized with chromium trioxide to yield 

25 7-bromo-3,4-dihydro-4,4-dimethylnaphthalen-l(2H)-one (Compound G). 

26 The isomeric compound, 

27 6-bromo-3,4-dihydro-4,4-dimethylnaphthalen-l(2H)-one (Compound H) 

28 can be obtained, starting with ethyl (4-bromophe!tyl)acetate, in 
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1 accordance with the sequence of reactions illustrated in Reaction 

2 Scheme 1 for Compound G. 

3 6-Bromo-3,4-dihydro-4,4-dimethybiaphthaIen-l(2H)-one (Compound H) 

4 can also be obtained in accordance with the published literature 

5 procedure: Mathur et al. tetrahedron, 41, 1509-1516 (1985). 

6 Another important starting material for the synthesis of several 

7 preferred compounds of the invention is 3,4-dilQrdro-4,4-dimethyi-7- 

8 aniinonaphthaIen-l(2H)-one (Componnd D9) which is prepared from 

9 the known 3,4-dihydro-4,4-dimethyhiaphthaIen-l(2P3)-one, by nitration 

10 and subsequent catalytic reduction of the intermediate 3,4-dihydro-4,4- 

11 dimethyl-7-nitronaphthaIen-l(2H)-one (Compound D8), as is described 

12 in the enclosed description of specific examples. 

13 Still other important starting materials for the synthesis of several 

14 preferred compounds of the invention are the isomeric 3,4-dilQrdro-4.4- 

15 dimethy!-7-acetyl-naphthalen-l(2H)-one (Ccmpcund D14a); and 3,4- 

16 dihydro-4,4-dimethyl-6-acetyI-naphthalen-l(2H)-one (Componnd D14b). 

17 These are prepared by reacting l,2,3,4-tetrahydro-l,l- 

18 dimethylnaphthalene with acetyl chloride in a Friedel-Crafts type 

19 reaction, followed by oxidation with chromium trioxide of the isomeric 

20 acetyl derivatives. These compounds can also be obtained by an 

21 alternative procedure from Compounds G and H respectively. The 

22 e^rimehtal conditions of these preparations are disclosed in the 

23 description of the specific examples. 

24 Yet another important starting material for the synthesis of 

25 several preferred compounds of the invention is methyl 5,5-dimethyl-5,6- 

26 diIiydro-naphthalen-8(7H)-one-2-carboxyIate (Compound E2) which can 

27 be made by reaction of 

28 7-bromo-3,4-dihydro-4,4-dimethylnaphthalen-l-one (Compound G) with 
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1 COj in the presence of /-butyl lithium, but is more advantageously 

2 prepared in the presence of paIIadium(II)- 

3 bis(triphenylphosphine)chloride and l,3-bis(diphenyIphosphino)propane 

4 catalysts by reaction with carbonmonozide and methanol, as is described 

5 in the specific examples. 

6 Referring now to Reaction Scheme 2 the synthesis of preferred 

7 examples of compounds of the invention are described, where the Z 

8 group, with reference to Formulas 1 - 6 is -CH=CH-. Compounds of 

9 this type of the invention are advantageously obtained in a direct 

10 coupling reaction between an ethenyl compound such as ethyl 4- 

11 vinylbenzoate , and a 6- or 7-brpmonaphthaIene-l(2H)-one derivative, 

12 such as Compound G or Compound H in a reaction comnionty known 

13 as the Heck reaction. Reaction Scheme 2 exemplifies this reaction with 

14 7-bromo-3,4-dihydro-4,4-dimethylnaphthalen-l(2H)-one (Compound G) 

15 as the starting material. A general formula for the ethenyl compounds 

16 which are suitable as reagents in the Heck reaction to provide these type 

17 of compounds of the invention is CI^=CI^-Y(Rj)-A-B where the 

18 symbols have the same meaning as defined in connection with Fonnulas 

19 1-6. These compounds are readily available in accordance with the 

20 chemical literature, or otherwise in accordance with state-of-the-art. 

21 The Heck reaction is weU known in the art, and is usually conducted in 

22 a basic solvent, such as triethylamine, in the presence of a phosphine 

23 catalyst (such as tris(2-methylpheiQfl)phosphine or tri-O-tolylphosphine) 

24 in the presence of palladiiun(II)acetate catalyst. 

25 Those skilled in the art will readily understand that the 

26 compounds of the invention which have an ethylene (-CH=CH-) or 

27 substituted ethylene (-CR,=CRi-) linking group can also be made by a 

28 Witt^ or like {Homer Emmons) reactions, which are per se well known 
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3 

4 

5 

6 

7 

8 

d 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 



in the art Those skilled in the art wili also readily understand that the 
reaction sequence shown in Reaction Scheme 2 can be readily adapted 
for compounds where the tetrahydronaphthalene (or other rings within 
the scopes of Formulas 1 - 6) have R,, and R, substituents other than 
spedfically shown in this reaction scheme. 




Pd(OAc)2 




Cos^onnd G 



Compoond A2 



CHaONH^Ha 



MeO. 




MeO 





CbiDpound A4 



Compound A3 



Reaction Scheme 2 
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It 

15 

16 

17 
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20 

21 

22 

23 

24 

25 

26 

27 

28 
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Conqwand AID 

Compbdnd A13 



Reaction Scheme 2 (continued) 
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1 Thus in the example shown in Reaction Scheme 2 

2 7-bromo-3,4-dihydro-4,4-ciimethyhiaphthaIen-l(2H)-one (Compoond G) 

3 is reacted with ethyl 4-vinylbenzoate to yield ethyl (E)-4-[2-(5,6-dihydro- 

4 5,5-dimethylnaphthalen-8(7H)-one-2-yl)ethenylJ-benzoate (Compound 

5 A2). Ethyl 4-vinylbenzoate is available in accordance with the chemical 

6 literature. Can. J. Chem (1973) 51, 897 - 914, which is eicpicssfy 

7 incorporated herein by reference. Compound A2 is an example for the 

8 compounds of the present invention within the scope of Formula 2. 

9 Compound A2 is reacted with methojgrlamine hydrochloride in an 

10 alcoholic solvent (such as ethanol) in the presence of sodium acetate to 

11 yield the methyl oxime, ethyl (E)-4-[2-(5,5^ethyl-5,^-dihydro.8(7H)- 

12 flnrf-(0-methyl oxime)-naphthaIen-2-yl)etheiQfl]-benzoate (Compound 

13 A3). Compound A3 can be saponified by treatment with base, such as 

14 LiOH, to provide the free carboxylic acid, (E)-4-[2-(5,5-dimethyI-5,6,. 

15 dihydrO'8(7H)-i2r«f-(0-methyI oxime)-naphthalen-2-yl)ethenyij-benzoic 

16 acid (Compound A4). Compounds A3 and A4 are compounds of the 

17 invention within the sope of Formula 4. The conditions for the 

18 saponification of Compound A3 to provide Compounds A4 serve as 

19 example for several saponification reactions which yield several 

20 compounds of the invention where the B group of Formulas 1 - 6 is a 

21 free carboxylic acid (COOH), or salt thereof. 

22 Instead of methoxylamine hydrochloride, hydro^ylamine 

23 hydrochloride, or etho;ylamine hydrochloride or other analogous 

24 reagents can be used to obtain the oximes or other O-alkyl, O-aiyl 

25 analogs of Compounds A3 and A4, within the scope of Formula 4. 

26 Generally speaking and with reference to Formula 4, the oxo 

27 compounds, such as Compound A2 are reacted with a reagent of the 

28 formula NHj-Zj, where Zj is defined as in connection with Formula 4. 
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1 Thus, the oxo compounds analogous to Compoand A2 are reacted with 

2 a reagent of the formula HjN-Zj to yield compounds of Formula 4. As 

3 is known, when the reagent H^N-Z, is NHjOH or its salt, then the 

4 reaction is the formation of an oxime. Generally speaking the oximes 

5 are readily formed by reacting the oxo compounds with hydro:^lamine 

6 hydrochloride in a polar solvent, such as a lower alkanol, in the 

7 presence of a buffering agent, such as sodium acetate. The reaction can 

8 be conducted under similar conditions with a reagent of the formula 

9 NHjOR, or its salt (such as methoxylamine hydrochloride or 

10 ethojgrlamine hydrochloride as demonstrated in Reaction Scheme 2) to 

11 yield compounds of Formula 4 where Zj is OR, (R, is defined as in 

12 connection with Formula 4). When the reagent Ky^-Z, is a primary 

13 amine then the reaction is the formation of an imine. The latter 

14 reaction is usually conducted in a polar ''al'"«i^'^i»''^ cnUif^nt T7nrthf»r 

15 reagents, m accordance with the general formula KyNZj are those 

16 where Z, is NHCON(Ri^2 (formation of semicarbazonej, NHCSN(R„)2 

17 (formation of thiosemicarbazone) and N(R,4)2 (formation of a 

18 hydrazone). (The symbol R,4 is defined as in connection with Formula 

19 4.) The senu'carbazones, thiosemicarbazones and hydrazones 

20 corresponding to Formula 4 can be prepared under conditions which 

21 are well known in the art for the formation of such derivatives of 

22 ketone compounds. Usually these conditions are similar to the 

23 conditions leading to the oximes described above. Typically, the 

24 hydrochloride salt of the reagent (semicarbazide, thiosemicarbazide or 

25 hydrazide) is reacted with the oxo compound such as Compound A2 in 

26 an alcoholic solvent, in the presence of sodium acetate. 

27 Referring now again specifically to Reaction Scheme 2, ethyl (E)- 

28 4-[2-(5,6-dihydro-5,5-dimethyhiaphthaIen-8(7H)-one-2-yl)ethenyl]- 
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1 benzoate (Compound A2) is reacted with sodium 

2 bis(trimetlQrlsiIyI)amide and 2-[^JV-bis(trifluoromethane- 

3 suIfonyI)aminoJ-5-chIoropyridine in an inert ether type solvent, such as 

4 tetrahydrofuran, at low temperatures (-78*C and 0*C). This provides 

5 first a sodium salt intermediate which is not isolated and not shown in 

6 the reaction scheme. The reactions ultimately result in the 

7 trifiuorometfaylsulfonyloi^ derivative ctbyl (E)-4-[2-(5,6-dihydro-5,5- 

8 dimethyl-8-(trifluoromethylsuIfonyl)6iy-naphthalen-2-yl)ethenyl]- 

9 benzoate (Compound A9). Compound A9 is within the scope of 

10 Formula 5 of the present invention and is also an important 

11 intermediate for the synthesis of several compounds of the invention 

12 within the scope of Formula 6. Compound A9 is a 

13 trifluoromethylsulfonate derivative, which sometimes also called a 

14 "triflate" in the trade, and the CF3SO2 group is sometimes abbreviated 

15 as Tf in the reaction schemes. 

16 As is shown further in Reaction Scheme 2 for the specific 

17 examples of thiazole and thiophene, respectively yielding Compoonds 

18 AlO and A13, the trfflate derivative Compoimd A9 is reacted with an 

19 organometal derivative derived from the compound R^H^such that the 

20 formula of the organometal derivative is Rj4Met (Met stands for 

21 monovalent metal), preferably Rj^Li. (R14 is defined as in connection 

22 with Formula 6.) The reaction with the organometal derivative, 

23 preferably lithium derivative of the formula R14O is usually conducted in 

24 an inert ether type solvent (such as tetrahydrofuran) in the presence of 

25 zinc chloride (ZnCl^ and tetrakis(triphenylphosphine)palladium(0) 

26 (Pd(PPh3)4). The organolithium reagent R,4Li, if not commercially 

27 available, can be prepared from the compound Rj^H (or its halogen 

28 derivative R^-Xj where Xj is halogen) in an ether type solvent in 
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1 accordance with known practice in the art. The temperature range for 

2 the reaction between the reagent R^JU and the triflate derivatives is, 

3 generalfy speaking in the range of approximately -78*C to SCC 

4 Componnds AlO and A13 and their analogs can be saponified, or 

5 subjected to further transformations, such as homologation aind otiier 

6 state-of-the-art reactions which yield homologs and derivatives in 

7 accordance with the reiactions discussed above. 

8 Reaction Scheme 2 serves as an example of synthetic 

9 methodology used for preparing compounds of the present invention 

10 where the -Y(R^'A'B group of Formulas 1 - 6 is linked to the 

11 tetrahydronaphthalene nucleus with the desired Z group, before the 

12 final substitution pattern is obtained by transformations 6f the 

13 tetral^dronaphthalene (or dil^dronaphthalene) moiety. 
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SFh 




GoBtpomidG 



Cu uip o iin dAaS 



Hedc 
Readioh 




.COaEt 




Compcmnd A17 



Compomid Aio 




CpjH 



MCPBA 
CH2a2 




Com^onnd A19 



Compound A18 



Reaction Scheme 3 
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1 Reaction Scheme 3 provides further examples for the synthesis of 

2 compounds within the scope of Formula 5 where the linHng group 

3 between the dihydronaphthalene moiety and the Y group is -CH=CH-. 

4 In the sequence of reactions described here the oxo function of a 

5 starting tetrahydronaphthalene-one moiety is modified before a Heck 

6 coupling reaction is performed. Specifically, in the example shown in 

7 the reaction scheme, ) 

8 7-bromo-3,4-dihydro-4,4-dimethylnaphthaIen-l(2H)-one (Compound G) 

9 is reacted with thiophenol in the presence of titanium tetrachloride and 

10 triethylamine in tetrahydrofuran (THF), to provide the intermediate 4,4- 

11 dimethyI-7-bromo-l-phenylthio-3,4-dihydronaphthaIene (Componnd 

12 A35). A similar reaction can be performed with ethanethiol as a 

13 reagent instead of thiophenol, to yield 2-bromo-5,6-dihydro-5,5- 

14 dimethyl-8-ethylthio-naphthalene (Compound A36) and other analogous 

15 compounds which are not shown in the reaction scheme. Compound 

16 A35 is reacted in the /fee/: reaction to yield ethyl (E)-4-[2-(5,6-dihydro- 

17 5,5-dimethyl-8-phenylthio-naphthalenyl)etheiiyI] benzoate (Compound 

18 A16). Compound A16 is saponified to yield the carboiylic add, (E)-4- 

19 [2-(5,6-dihydro-5,5-dimethyl-8-(phenyIthio)-naphthalen-2-yl)ethenyIJ 

20 benzoic add (Componnd A18), and is oxidized with m- 

21 chlorOperoxybenzoic acid (MCPBA) to provide the corresponding 

22 phenylsulfonyl compound, ethyl (E)-4-[-2-(5,6-dihydro-5,5-dimethyl-8- 

23 (phenylsulfonyl)-naphthalenyl)ethenyl]benzoate (Compound A17). 

24 Compound A18 can also be oxidized under similar conditions to provide 

25 the fi-ee carbo3^Iic add (or salt thereof) of the phenylsulfoi^I 

26 compound, (E)-4-[-2-(5,6-dihydro-5,5-dunetl5rl-8-phenylsu!fonyl- 

27 napihthalenyI)ethenyl]benzoic acid (Componnd A19). 
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^ -» A-^M 

16 
17 
18 

20 Reactipn Scheme 4 

21 Reaction Scheme 4 disdoses further examples for the preparation 

22 of compounds of the invention within the scope of Formula 2 where the 

23 group linking the tetrahydronaphthalene and Y(R2)-A-B moieties is - 

24 CH=CH-. As is shown in the scheme, ethyl (E)-4-[2-(5,6-dilQrdro-5,5- 

25 dimetfayhiaphthalen-8(7H)-one-2-yl)ethei^l]-benzoate (Compoand A2) is 

26 reacted with 1,3-propanedithiol in the presence of borontrifluoride 

27 diethyl etherate to yield the corresponding cydic thioketal compound, 

28 ethyl (E)-4-[-2-(5,6,7,8-tetrahydro-5,5-dimethyl-8-(l,3-dithian-2- 
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1 yI)iiaphtha]en-2-yl)etheiQrI] benzoate (Compound A23). Other ketal 

2 and thioketal analogs of this compound, within the scope of Formula 2 

3 can be obtained by analogous reactions suitable for ketal and thioketal 

4 formation^ which are per se well known in the art. Saponification of 

5 Compound A23 provides the corresponding free acid (or salt thereoQ, 

6 (E)-4-(2-(5,6J,8-tetral:^dro-54-<limethyl-8-(2-(13-dithian-2- 

7 yl)naphthalei^l)ethei^l]-benzoic add (Coinponnd A24). 
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1 Reaction Scheme 5 provides examples for the synthesis of 

2 compounds of the invention within the scope of Fonnnla 3. The 

3 synthesis of these compounds proceeds in accordance with methodology 

4 where the desired substituent is introduced into the 

5 tetrahydronaphthalene moiety before this moiety is coupled or linked 

6 to the desired Z-YiR^-A-B group, and in these examples also the Z 

7 group is -CH=CH-. Thus in accordance with this scheme, 

8 7-bromo-3,4-dihydro-4,4-dimethyhiaphthalen-l(2H)-one (Compotmd G) 

9 is reacted in a McMuny coupling reaction with acetone to provide 7- 

10 bromo-l(2H)-(propyliden-2-yI)-3,4-dihydro-4,4-dimethylnaphthaIene 

11 (Compound A37). The reaction {McMuny coupling) is conducted at 

12 elevated temperature in the presence of lithium metal and titanium 

13 trichloride, in ah inert ether type solvent, for example in refluxing 

14 1,2-dimethoxyethane (DME). In other examples which are described in 

15 the Specific E^mples, 3-pentanone, and cydohexanone are used as 

16 ketone reagents, instead of the acetone shown in the reaction scheme. 

17 Compound A37 is then subjected to z Heck coupling reaction with an 

18 ethenyl reagent such as ethyl 4-vinylbenzoate shown in the scheme, to 

19 provide ethyl (E)-4-[2-(5,6-dihydro-5,5-dimethyl-8(7H)-(propyliden-2-yl)- 

20 naphthalen-2-yi)ethenylJben2oate (Compound A25). Compound A25 is 

21 saponified under conditions described above to provide (E)-4-[2-(5,6- 

22 dihydro-5,5-dimethyl-8(7H)-(propyliden-2-yI)-naphthalen-2-yl)ethenyl]- - 

23 benzoic acid (Compound A2(S). 

24 Reaction Scheme 5 discloses another example for the preparation 

25 of compounds within the scope of Fonnnla 3. In this example the 

26 substituent is introduced to replace the oxo function of 

27 tetrahydronaphthaIene-2-one after the Z-YffQ-X-B group has already 

28 been coupled to the tetrahydronaphthalene nucleus. Thus, ethyl (E)-4- 
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1 [2-(5,6-dihydro-5,5-dimethyl-naphthaleii-8(7H)-one-2-yl)ethenyl]- 

2 benzoate (Compound A2) is reacted with etl^rl bromoacetate in the 

3 presence of zinc metal in a Reformatsky reaction to provide (+/-) ethyl 

4 (E)-4-[2-(5,6,7,8-tetrahydro-5,5-dimethyI-8-hydroiy-8- 

5 (carbethoxymetI]yI)iiaphthalen-2-yl)ethenyI] benzoate (Componnd A32). 

6 Componnd A32 is itself within the scope of the present invention, within 

7 the scope of Forlniila 1. Compoimd A32 is deliydrated, as shown in the 

8 example by treatment with (metho3^carbbnyl 

9 sulfamoyI)triethyIammonium l^droxide {Burgess reagent) to yield a 

10 mixture of ethyl (E)-4-[2-(5,6-dihydro-5,5-dimethyl-8- 

11 (carbethoi^ethyI)naphthaIen-2-yl)ethenylJbenzoate ((^mponnd A33a), 

12 and ethyl (E)-4-[2-(5,6-diI^dro-5;5-dime%l-8(7H)-<witf " 

13 (carbethoxymetI^lidenyl)-naphthaIen-2-yl)etheiQrl]benzoate (Compound 

14 A336). Compound A33a is within the scope of Formala 6. and 

13 v^iufn/uuu tx^^u i» WXI.11111 tuc^ vi. »•«». ......^ ^, 

16 

17 Dn-BnU ^"^^^^S^BCOIOj .X'^^.X^^CQiEt 

BO-PiO), 

18 
19 
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1 Reaction Scheme 6 provides examples for the synthesis of 

2 compounds of the invention where in accordance with F rmnlas 1-5 

3 the Z group is -(CR,=CROtf- and n' is 0; in other words where there is 

4 no linking group between the tetral^dronaphthalene or 

5 dihydronaphthalene nucleus and the Y(iy-A-B group. For the 

6 synthesis of these examples the starting material is 

7 6-bromo-l,2,3,4-tetrahydro-l,l-dimethyInaphthalene (Compoimd F) 

8 which is reacted with /i-butyl lithium and triisopropylborate in an aprotic 

9 solvent such as toluene to give after hydrolysis (5,6,7,8-tetrahydro-5,5- 

10 dimethyhiaphth-2-yI)boronic add (Compoimd B13). Compoimd B13 

11 and related boronic aidd derivatives (such as Compouisd B14 in this 

12 scheme) are suitable for coupling with a reagent having the formula X,- 

13 Y(R2)-A-B where Xj is halogen, and the remaining symbols are defined 

14 as for Formuias I - 6. Reaction Scheme 6 illustrates this coupling 

15 reaction with ethyl e-bromo-naphthalene-a-carboig^Iate in the presence 

16 of tetrakis-triphenyl-phosphine palladium(0) to yield ethyI-6-[5,6,7,8- 

17 tetrahydro-5,5-dimethyl-naphth-2-yl]naphthoate (Coinponnd Bl). 

18 Compound Bl of the invention is within the scope of Formnia 2. Other 

19 reagents corresponding to formula X,-Y(R2)-A-B are readily available in 

20 accordance with the chemical literature and/or can be obtained in 

21 accordance with state-of-the-art synthetic methodology. Ejcamples for 

22 such other reagents are ethyl 4-bromobenzoate and ethyl 2- 

23 bromopyridine-5-carboxylate. 

24 Cbntinuingon with the description of Reaction Scheme 6, 6- 

25 bromo-l,2,3,4-tetrahydro-l,l-dimethyl-4-hydroxynaphthaJene is reacted 

26 in the presence of base with r-butyldimethylsilyl chloride to provide 6- 

27 bromo-l,2,3,4-tetrahydro-l,l-dimethyl-4-(/- 

28 butyIdimethylsilyloxy)naphthalene (Compound B15). The starting 6- 
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1 bromo-l,2,3,4-tetrahydr<>i4-dimethyl-4-hydroxyiiaphthalene can be 

2 obtained by reduction of 

3 7-bromo-3,4-dihydro-4,4-dimethylnaphthalen-l(2H)-one (Compoimd G). 

4 Under conditions similar to the ones described above Compoimd B15 is 

5 converted to the boronic add derivative (5^-dimethyI-8-(t- 

6 bulyIdimethyIsiIyloxy)-5,6,7,8-tetrahydro-naphth-2-yl)boronic add 

7 (Compoimd B14). Compoimd B14 is then coupled with ethyl 6-bromo- 

8 naphthaIene-2-carbo3^Iate to yield ethyl 6-[5,6,7,8rtetrahydro-5,5- 

9 <limethyI-8-(/-butyldimethyIsiIyloxy)-naphth-2-yI]naphth-2-oate 

10 (Compound B3). Compound B3 is then reacted with 

11 tetrabutylammonium fluoride to remove the /-butyldimethylsilyl blocking 

12 group and to give ethyl 6-[5,6,7,8-tetrahydro-5,5-dimethyi-8-hydro]gr- 

13 naphth-2-yIJnaphth-2-oate (Compound B4). Compound B4 can be 

14 acylated to give ethyl 6-[5,6,7,8-tetrahydro-5,5-dimethyl-8-(0-acetyI)- 

15 naphth-2-yI]naphth-2-oate (Compound BiO), or inethoxymethyiated with 

16 methoxymethyl chloride in the presence of base (preferably ethyl N,N- 

17 diisopropylamine. Hunt's base) to give cfbyl 6-[5,6,7,8-tetrahydro-5^- 

18 dimethyl-8-(methoxymethyloxy)-naphth-2-yIJnaphth-2-oate (Compound 

19 B8), and oxidized with Mmethyl morpholine N-o:dde to provide ethyl - 

20 6-[5,5-dimethyl-5,6-dihydro-naphthlen-8(7H)-one-2-yl]-naphthalen-2- 

21 oate (Compound B6). Compounds B8 and BIO of the invention are 

22 within the scope of Formula 1, whereas Compound B6 is within the 

23 scope of Formula 2. Compound B6 can be converted into the O- 

24 methyloxime (ethyl 6-[5,5-dimethyl-5,6-dihydro-naphthlen-8(7H)-anft*- 

25 (0-methyl-oxime)-2-yI]-naphthalen-2-oate (Compound Bll) not shown 

26 in the scheme) and into other derivatives such as ojomes, imines, 

27 hydrazones and the like, as is described above in connection with 

28 Reaction Scheme 2. Further derivatives of Compound B6 (and of 
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analogous compounds) wherein the 8-oxd function of the molecule is 
modified can be obtained in accordance with the general synthetic 
methodology described in this specification. For example the 
trifluoromethylsulfonyl (triflate) derivative can be obtained in analogy to 
the reaction leading to Compoimd A9 as described in Reaction Scheme 
2 , and the trifluoromethylsulfonyl (triflate) derivative is reacted with 
the reagents S,4Me to provide compounds of Formula 6. 
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i 1 J Reaction Scheme 7 discloses a preferred example of a synthetic 

I 2 route leading to compounds of the invention where with reference to 

/ 3 Formulas 1 - 6 the symbol Z represents -(CRj=CR^^-, where n' is 3, 

4 and there is no Y(Rj) group. Thus, 4,4-dmethyl-7-acetyl-l,2,3,4- 

5 tetrahydronaphthalen-l(2H)-one (Cbmpoand D14a) is reacted in a 

6 Homer Emmons type reaction with triethylphosphonoacetate in the 

7 presence of sodium hydride in an ether type solvent such as 

8 tietrahydrofiiran. Conditions of the Homer Emmons reaction are well 

9 known in the art, and it is also well known that usualfy a related fVitt^ 

10 type reaction can also be employed using a trialkylphosphonium reagent 

11 instead of the phosphonate reagent, to yield the same^products as is 

12 obtained in the Homer Brmions reaction. The product of the Homer 

13 Emmons reaction in this example is ethyl 3-[4,4-dimethyI-l,2,3,4,- 

14 tetrahydronaphtualen-l(2K)one-7-yIjbut-2(E)-enoate (Compound C2) 

15 which is reduced with diisobuiyi aliiminum hydride to provide 3-[l- 

16 hydroxy-4,4-dimethyl-l,2,3,4,-tetraliydronaphthalen-7-yI]but-2(E)-en-l-oI 

17 (CoMpound C3). Compound C3 is oxidized back to the aldehyde and 

18 ketone "stage" with manganiese dioxide to give 3-[4,4-dimethyl-l,2,3,4,- 

19 tetrahydronaphthalen-l(2H)one-7-yl]but-2(E)-en-al (Compound C4). 

20 Compound C4 is subjected to yet another Homer Emmons type reaction 

21 with diethyl-(£)^3-ethoxycarbonyl-2-^methylallylphosphonate (available 

22 from the chemical literature; see: Vuligunda et oL Biorganic Medical ' 

23 Chemistry Letters, (1996) 6 p213-218) in tetrahydrofiiran in the 

24 presence of n-butyl lithium, to yield ethyl 7-[4,4-dimethyI-3,4,- 

25 dihydronaphthalen-l(2H)one-7-yIJ-3,7-dmiethyl-hept-2(E), 4(E), 

26 6(£)trienoate (Compound C5). 

27 Compound C5 of the invention is within the scope of Formula 2, and 

28 is also readily converted to further compounds of the invention in 



aU igan:pat:600QSpa.apI 



17186 Allei^ 



76 

1 accordance with the generic principles disclosed in this specification. 

2 Several examples of reactions which provide further compounds of the 

3 invention using Compound C5 as the starting material are shown in 

4 Reaction Scheme 7. These reactions are described in less detail to the 

5 extent that they are of the types which have been desdbed above. Thus, 

6 the "oxo" compound ethyl 7-[4,4-dimethyl-3,4,-diI^dronaphthaleii- 

7 l(2I^one.7-yI]-3,7-dimethyl-hept.2(E), 4(E), 6(E)triehoate (Compound 

8 C5) is saponified to yield the free acid (not shown in the scheme), is 

9 converted to the O-methyl-oxime derivative (Compound C16); to ethyl 

10 7-[4,4-dimethyI-3,4-dihydro-l-(trimethylsiloxy)-naphth-7-yl]3,7-dimethyl- 

11 hepta-2(E),4(E),6(E)-trien6ate (l-trimethylsifylo:gf der|yative 

12 Compound C28); and to ethyl 7-[4,4-dimethyl-3,4,-dihydronaphthaIen-l- 

13 trifluoromethylsulfonyldxy-7-ylj-3,7-dimethyl-hept-2^), 4(E), 

14 6(E)trienoate ("triflate". Compound C14). Compounds C14 and C28 

15 are within the scope of Formula 5, whereas Compound C16 is within 

16 the scope of Formula 4. Another Homer Emmons type reaction of 

17 Compound C5 which leads to compounds wihtin the scope of Formula 3 

18 (Compounds 17a and 17B) is shown in the scheme. 

19 In the examples shown in Reaction Scheme 7 the "oxo" compound 

20 ethyl 7-[4,4-dimethyl-3,4,-dihydronaphthaIen-l(2H)one-7-yl]-3,7- 

21 dimethyI-hept-2(E), 4(E), 6(E)trienoate (Compound C5) is also 

22 reduced with ZnBH* to yield the corresponding secondary alcohol, 

23 ethyl 7-[4,4-dimethyl-lA3,4,-tetrahydronaphthalen-l-hydroxy-7-yl]-3,7- 

24 dimethyl-hept-2(E), 4(E), 6(E)trienoate (Compound C13). Compound 

25 C13 is reacted with chloromethylmethyl ether to give (-/+)ethyl 7-[4,4- 

26 dimethyI-l,2,3,4-tetrahydro-l-(0-methoxymethyI)-naphth-7-yl]3,7- 

27 dimethyl-hepta-2(E).4(E),6(E)-trienoate (Compound C26); alternatively 

28 it is reacted with 3,4-dihydro-2H-pyran in methylene chloride in the 
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1 presence of /7-toluene sulfonic acid (p-TsOH) to give the diastereomeric 

2 dihydropyranoi^ derivatives, (+/-)ethyi 7-[4,4-dimetliyl-lA3,4- 

3 tetral^dro-l(RS)-(2*(RS)- 

4 tetrahydropyr3iioxy)-naphth-2-yl]-3J-dimethyI-hepta-2(E),4(E),6(E^ 

5 trienoate (Compomid C29a) and (+/-)eibyl 7-[4,4-dimethyI-l,23,4- 

6 tetrahydro-I(I^)-(2XSR)-tetra]]ydropyTano3^)-naphth-2-yl]-3J'Kl^ 

7 hepta-2(E),4(E),6(E)-trienoate (Compomid C29b). Componnds C13, 

8 C26, C29a and C29b of the invention are within ^e scope of Fonnida 

9 1. 

10 The trifluoromethylsulfonate (triflate) derivative Componnd C14 is 

11 itself an important starting material for the syntheses of several 

12 compounds of the invention within tihe scope of Formula 6; among 

13 these the preparations of ethyl 7-[4,4^dimethyl-3,4,-dihydronaphthaIen-l- 

14 (2-thieny!)-7-yI]-3,7-dimethyI-hept-2(E), 4(E), 6(E)trienoate (Compoimd 

15 CIS) and of ethyl 7-[4,4-diinethyI-3,4,-dibydronaphthalen-l-c>'ano-7-yl]- 

16 3,7-dimethyl-hept-2(E), 4(E), 6(E)trienoate (Compound 21) are 

17 illustrated in the reaction scheme. 
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1 Reaction Scheme 8 discloses other examples for synthesizing 

2 preferred compounds of the invention where with reference to F rmala 

3 5 the ^bol Z represents -(CRi=CR,)rf-, where ii» is 3, and there is no 

4 Y(Rj) group. The starting compound for the series of reactions shown 

5 in this scheme is 4,4-dimetltyI-7-bromo-l-phenylthio-3,4- 

6 dihydronaphthalene (Compound A35) which can be obtained as shown 

7 in Reaction Scheme 3. Thus, referring now to Reaction Scheme 8, 

8 Compound A35 is reacted with l-ethojgrvinyltributyltin (EVTB, available 

9 from Aldrich Chemical Co.) in the presence of 

10 bis(triphenylphosphine)palladium(l^chloride in tetrahydrofuran to 

11 provide, after acid work-up, 4,4-dimeth^-7-acetyl-l-phenyIthio-3,4- 

12 dihydronaphthalene (Compound C7}. Compound C7 is subjected to a 

13 Homer Emmons reaction (as described above) with 

14 diethylcyanomethyiphosphonate (available from Aldrich Chemical Co.) 

15 to provide 3-[4,4-dimethyl-l-phenylthio-3,4-dihydronaphthalen-7-jd]but- 

16 2-en(E)-nitrile (Compound C8). Compound C8 is reduced with 

17 diisobutyl aluminium hydride to provide the corresponding aldehyde, 3- 

18 [4,4-dimethyI-l-phenylthio-3,4-dihydronaphthalen-7-yl]but-2-en(E)- 

19 aldehyde (Compound C9). Compound C9 is subjected to still another 

20 Horner Emmons reaction with the reagent diethyl-(E)-3-etho3ycarbonyl- 

21 2-methylallylphosphonate to yield ethyl 7r[4,4-dimethyI-l-phei^lthio- 

22 3,4,-dihydronaphthalen-7-yI]-3,7-dimethyl-hept-2(E), 4(E), 6(E)trienoate 

23 (Compound CIO). Compound CIO of the invention is within the scope 

24 of Formula 5. 

25 In other preferred examples not shown in the schemes but described 

26 in the Specific Examples, a sequence of reaction which is analogous to 

27 the above-described reactions of Reaction Scheme 8 is conducted, 

28 starting with 7-bromo-l(2I^-(propyliden-2-yl)-3,4-dihydro-4,4- 
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dimethylnaphthalene (Componhd AST), or with 7-bromo-l(2H)- 
(phei^Ibeii2yUdei^)-3,4-d%dro-4,4-dimet]]ylxiaphtIiaIeii (Compomid 
C37) to provide further examples for compounds of the invention, such 
as ethyI-7-[l(2H)-(propyliden-2-yl)-3,4-dihydro-4,4-dimethyI-naphthaIen- 
7-yI]-3,7-dimethyI-hept-2(E),4(E),6(E)-trienoate (Compound C36) and 

ethyl 7-[4,4^dimetIyI-3,4-diltydro-l(2H^-phenylben2yIidenyl)-naphth-7- 

yl]-3,7-dimetl^I-hepta-2(E),4(E),6(E)-trienoate (Compoimd C41). 

Compounds C36 and C41 of the invention are within the scope of 

Formula 3. 

Compound CIO is converted by oxidation with meta- 
chIoropero3^benzoic add to the corresponding sulfone^ and sulfoxide, 
ethyl 7-[4,4-dimetIqrl-l-phei^lsuIfoityl-3A-diliydronaphthaIen-:7-yI]-3,7- 
dimethyl-hept-2(E), 4(E), 6(E)trienoate (Compound Clla) and ethyl 7- 
[4,4-dimethy!-l-pheny!sulfoxide-3,4,-dihydronaphthaIen-7-ylJ-3,7- 
diniethy!'hept-2(E), 4(E), 6(E)trienoate (Compound Cllb), which are 
also within the scope of Formula 5. 




Co mpoun der 

Reaction Scheme 9 
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1 Reacti n Scheme 9 disdoses the preferred method of synthesis of a 

2 starting material from whidi certain examples for compounds of the 

3 invention within the scope of Formula 6 are preferabfy made. In 

4 accordance with this scheme 

5 7-bromo-3,4-dihydro-4,4-dimethyInaphtfaalen-l(2H)-one (Compound G) 

6 is reacted with /-but^Imagnesiiim chloride in tetral^droforan in the 

7 presence of l,3-dimeti^l-3,4^,j6-teteahydro-2(H)-pyrimidi]ione (DMPU). 

8 Thiereafter, this rie^sul^ig iateiiiiiediaife tfeirti^ alii^hcil is heated in the 

9 presence of add (/y-toluenesulfonic add) to give 7-bromo-l-(l»l- 

10 dimethyIethyI)-3,4-dihydro-4,4-dimethyInaphthalene (Compound C42). 

11 Compound C42 is reacted with 1-ethoxyvinyltributyItin .(EVTB) in the 

12 presence of Pd(0) catalyst to yield after acidic work-up 7-acetyl-l-(i,l- 

13 dimethylethyl)-3,4-dihydro-4,4-dimethylnaphthalene (Compound C43). 

14 Compound C43 is subjected to a sequence of reactions of the type 

15 described above in connection with Reaction Scheme 8, starting with a 

16 Homer Emmons reaction with diethyl cyanomethylphosphonate, to 

17 eventually provide ethyl 7-[4,4-dimethyl-3,4-dihydro-l-(l,l- 

18 dimethyletltyl)-naphth-7-yl]-3,7-dimethyi-hepta-2(E),4(E),6(E)-triehoate 

19 (Compound C46). Compound C46 of the invention is Within the scope 

20 of Formula 6. 
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1 Reaction Scheme 10 discloses a preferred synthetic route to certain 

2 examplaiy compounds of the invention where, with reference to 

3 F imnlas 1 - 6 the Z group is -N=N- (azo) moiety. For the examples 

4 shown in this scheme the starting compound is 3,4-dihydro-4,4-dimethyI- 

5 7-amino-naphthaIen-l(2H)-one (Compound D9). Compound D9 is 

6 coupled with a nitroso compound of the formula ON-Y(R2)-A-B» which 

7 in the herein shown example is ethyl 4-nitrosobenzoate (available in 

8 accordance with the chemical literature; see KagecMca et aL J. Med. 

9 Chem. (1989) 32, 1098-1108). The coupling reaction is conducted in 

10 glacial acetic acid and yields ethyl 4-[(5,6-dihydro-5,5-dimethyl-8(7H)- 

11 one-naphthalen-2-yl)azo]-benzoate (Compound DIO). .Compound DIO 

12 of the invention is within the scope of Formula 2. Compound DIG is 

13 reacted in a Reformatshy reaction with ethyl bromoacetate to provide 

14 (+/-) ethyl 4-r(5,5-dimethyl-8-hydroxy-8-carbetho3^ethyI-5,6,7,8- 

15 tetrahydronaphth-2-yl)azoJbenzoate (Compound Dl). Compound Dl of 

16 the invention is within the scope of Formula 1. Dehydration of 

17 Compound Dl with dicyclohejylcarbodiimide and cuprous chloride in 

18 benzene provides the isomeric compounds ethyl 4-[(5,5-dimethyl-8(7H)- 

1 9 (carbethoxymethylidenyl)-5,6-dihydronaphthaIen-2-yl)azo]benzoate 

20 (Compound D2a) and ethyl 4-[(5,5-dimethyl-8-(carbethoxymethyl)-5,6- 

21 dihydronaphthaIen-2-yl)azo]ben2x>ate (Componnd D2b). Compomid 

22 D2a of the invention is within the sope of Formula 3, and Componnd 

23 D2b is within the scope of Formula 6. 

24 The "oxo" compound ethyl 4-[(5,6-dihydro-5,5-dimethyl-8(7H)-one- 

25 naphthaIen-2-yl)azo]-benzoate (Compound DIG) serves as starting 

26 material for reactions which lead to further compounds of the invention 

27 in. accordance with synthetic methodology that has been described 

28 above. More particularly, in the examples shown in Reaction Scheme 
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1 10 Componnd DIO is converted into the O-methyl oxime derivative etl^I 

2 4-[(8(7H)-a/itf-(0-met]^l onme)-54-dimetI^I-5,6-dilQrdronaphthaIen-2- 

3 yI)azo]benzoate (Compoiind D3), into the "^triflate" etl^l 4-[(5,6- 

4 diltydro-5,5-dimethyl-8-(trifluoromethylsulfonyI)oxy-naphthaIen-2-yI)a2o]- 

5 benzoate (Compound Dll) and is reduced to the secondary alcohol (+/- 

6 ) etityl 4-[(5,5-diniet]^l-8-hyd[r6}^-5,6J,8-tetrahydronaphthaIen>-2- 

7 yI)aTO]benzoate (Compoimd DS). The O-methyl oxune derivative 

8 (Componnd D3) of tb6 invention is within the scope of Foimnia 4, the 

9 "biflate" Componnd Dll is in the soopie of Formola 5» whereas the 

10 secondary alcohol Compound D5 is within the scope of Formula 1. 

11 The secondary alcohol, Compoimd D5 is further converted into the 

12 methoxymethyl derivative (+/-) ethyl 4-[(54-dimethyl-8- 

13 (metho3cymetItylo3y)-5,6,7,8-tetrahydronaphthalen-2-yi)azo]benzoate 

14 (Componnd D6) within ^e scope of Formoia 1, and the "triflate" is 

15 reacted with thienyl lithium in the presence of ZnQj and Pd(0) catalyst 

16 to provide ethyl 4-[(5,5-dimethyl-8-(2-thienyl)-5,6-dihydronaphthaIen-2- 

17 yI)azo]benzoate (Compound D12). 
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1 Referring now to Reaction Scheme 11 a preferred example for the 

2 synthesis of those compounds of the invention is described where, with 

3 reference to Formnlas 1 - 6 the Z group is -CO-CR^=CRj-. As it wiU 

4 become apparent from the reaction scheme, these compounds are 

5 obtained as a result of an aldol condensation between an appropriately 

6 substituted tetrahydro or dihydronaphthalene ketone derivathre and an 

7 aldehyde of the formula 0CH-Y(R2)A-B. Li the example shown in 

8 Reaction Scheme II the exocyclic ketone function of 3,4^dilgrdro^,4- 

9 dim€lthyI-6-acetyI-naphthalen-l(2H)-one (Componnd D14b) is reacted 

10 with ethylene glycol and acid to provide 6-(2-methyl-l,3-dioxolan-2-yI)- 

11 3,4-dfliydro-4,4-dimethylnaphthalen-l(2H)-one (Compound D15) where 

12 one ketone function is protected. Compound D15 is then reacted with ' 

13 ethyl bromoacetate in a Refomiatsky reaction to give (+/-) 6-(2-methyl- 

14 l,3-dioxolan-2-yl)]-lA3,4-tetrahydro-4,4-dimetlqrl-l-hydro3y-l- 

15 (carbpetho3cymethyI)-naphthlene (Compound D16). Treatment with add 

16 of Compound D16 removes the 1,3-dioxolanyI protecting group and also 

17 introduces a double bond into the tetrahydronaphthalene nucleus, thus 

18 providing 3,4-diltydro-4,4-diinethyl-l-(carbetho:^etIqfI)-6-acetyl- 

19 naphthalene (Compoimd D17). 

20 An alternate method for obtaining dihydronajphthalene compounds 

21 having the 6-acetyl substituent and a substitueht in the 1-positioh 

22 (attached to the vinylic carbon) is to react Compound D15 with sodium 

23 bis(trimethylsilyl) amide and 2-[iV,^-bis(trifluorometh- 

24 ylsulfonyl)amino]-5-chloropyridine in an inert ether ^e solvent, such as 

25 tetrahydrofuran, at low temperatures (-78**C and 0**C). As noted above 

26 in connection with an analogous "triflate" forming reaction, this reaction 

27 proceeds through a sodium salt intermediate which is usually not 

28 isolated. The overall reaction results in a trifluoromethylsulfonylojgr 
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1 derivative, which is therafter reacted with an organometal derivative, 

2 again in analogy to the preceding description of synthesizing compounds 

3 of F rrnnla, 6 from the "triflate" derivatives. 

4 Returning now to the description of Reaction Scheme 11, Compound 

5 D17 is reacted with 4-carboxyben2aIdehyde in an aldol condensation 

6 reaction to give ethyl (E)-4-[3-(3,4-dihydro-4,4-dimethyl-l- 

7 (carbethojymetfayl)-naphthalen-6-yl)-prop-l-en-3-one]benzoate 

8 (Compoand D18). The just descrS>ed aldol cdndensatioh reaction is 

9 conducted in the presence of base in an alcoholic solvent. Preferably, 

10 the reaction is conducted in methanol or ethanol in the presence of 

11 sodium hydroxide. Those skilled in the art will recognize the aldol 

12 condensation reaction of this example as a aaisen-Schmidt reaction. 

13 (See March: Advanced Organic Chemistry: Reactions, Mechanisms, and 

14 Structure, pp 694 695 McGraw Hill (1968). Examples of other reagents 

15 analogous to 4-carbo:^benzaldehyde and suitable for the condensation 

16 reaction to introduce heterocyclic Y(R2) groups into the compounds of 

17 the present invention 1) are: 5-carbo)99yridine-2-carboxaldehyde, 

18 4-carboxypyridine-2-carboxaldehyde, 

19 4-carboxythiophene-2-carb6xaldehyde, 

20 5-carboxythiophene-2-carboxaldehyde, 4-carbo3cyfuran-2-carboxaldehyde, 

21 5-carboxyfuran-2-carboxaldehyde, 4-carboi^cetophenone, 

22 2-acetylpyridine-5-carboxyh'c acid, 2-acetylpyridine-4-carbo3ylic acid, 

23 2-acetyl-thiophene-4-carboxylic acid, 2-acetylthiophene-5-carbojgrlic acid, 

24 2-acetylfuran-4-carboxylic acid, and 2-acetylfuran-5-carboxylic acid. The 

25 latter compounds are available in accordance with the chemical 

26 literature; see for example Decroix et al., J. Chem. Res.(S), 1978. 4, 134; 

27 Dawson et al., J. Med. Chem., 1983. 29, 1282; and Queguiner et al., 

28 Bull Soc. Cbimique de Fiance, 1969. No. 10, pp 3678-3683. Compound 
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1 D18 of the invention is within the scope of Formida 6. 

2 To obtain fiirtiier preferred examples of the compounds of the 

3 imrention where the Z group is -CX)-CR,=C3lj- the aldol condensation 

4 reaction shown in Reaction ^heme 11 is performed on the following 

5 compounds: 

6 3,4-dihydro-4,4-dimethyI-6-acetyl-l-(l,l-dimethyIethyI)naplithalene 

7 (Compound D19); 

8 6-Acetyl-l(2H)-(propyliden-2-yl)-3,4-dihydro-4,4-dimethyInaphtiialene 

9 (Compound D22); 

10 (+/-) l-(methoi^ethyloxy)-6-acetyI-l,2,3,4-tetrahydro-4,4-dimethyl- 

11 naphthalene (Compound D26); and ^ 

12 6-Acetyl-l(2H)-(0-methyI oxime)-3,4-dihydro-4,4- ' 

13 dimethylnapbthalene (Compound D28) 

14 to provide respectively the following examples of compounds of the 

15 invention: 

16 (E)-4-[3-(3,4-dihydro-4,4-dimethyl-l-(l,l-dimethyl-ethyI)naphth-6-yI)- 

17 prop-l-en-3-one]benzoic acid (Compound D20, Formula 6); 

18 (E)-4[3-{l(2H)-(propyIiden-2-yI)-3,4-dihydro-4,4-dimethylnaphthalen- 

19 6-yl}-prop-l-en-3-oneJbenzoic add (Compound D23, Fonnnla 3); 

20 (E)-4-[3-(lA3,4-tetraltydro-4,4-dimethyl-l-(metho}gnmetIyloiy)- 

21 naphthalen-6-yl)-prop-l-en-3-one]benzoic add (Compound D27, 

22 Formula 1), and 

23 (E)-4[3-{l(2H)-(0-methyIoxime)-3,4-dihydro-4,4- 

24 dimethylnaphthaIen-6-yl}-prop-l-en-3-onep)enzoic add (Compound 

25 D29, Formula 4). 
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1 Reaction Scheme 12 discloses the presently preferred methods for 

2 synthesizing preferred examples of compounds of the invention where 

3 with reference to Foimnlas 1 • 6 the Z group is -COO- or -CONH-. As 

4 is shown in the scheme, 

5 7-bromo-3,4-dihydro-4,4-dimethyhiaphthalen-l(2H)-one (Compound G) 

6 is reacted with carbon monoxide in the presence of palladium(n)- 

7 bis(triphenylphosphine)chloride, l,3-bis(diphenylphosphino)-propane, 

8 DMSO, methanol and triethylamine to obtain the corre^onding 

9 carboxylic add methyl ester, metl^I 5,5-dimethyI-5,6-dihydro- 

10 naphthaIen-8(7H)-one-2-carboxylate (Compound E2), which is thereafter 

11 sapomfied to provide 5,5-dimethyI-5,6-dihydro-naphthaIen-8(7H)-one-2- 

12 carbo^g^lic acid (Compound E3). Compound E3 is a free carboigrlic acid 

13 which is reacted either with compounds of the formula EtjN-YCR2)-A-B 

14 to provide compounds of the invention where Z is -CONH-, or with 

15 compounds of the formula HO-Y(Rj)-A-B to provide compounds of the 

16 invention where Z is -COO-. Those skilled in the art will recognize 

17 that these compounds of the invention are amide and ester compounds, 

18 respectively. Generally speaking several known methods for amide and 

19 ester formation may be employed for their synthesis from Compound E3 

20 or analogous carboj^lic add compounds. For example. Compound E3 

21 or analogous carboxylic add compounds can be converted into the acid 

22 chloride by known methods and thereafter reacted with the amines or 

23 esters of formula H2N-Y(R2)-A-B or formula HO-Y(Rj)-A-B 

24 respectively. The presently preferred method for synthesis, however 

25 utilizes the reagents l-(3-dimethylaminoproi^l)-3-ethylcarbodumide 

26 hydrochloride (EDO) and 4-^^-dimethylaminopyridine in an aprotic 

27 solvent for the amide or ester formation. Hhose skilled in the art will 

28 also recognize that the compounds of formula HJ:i'Y(R^-A'B and 
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1 fonnula HO-YCI^-A-B are aromatic or heteroaromatic amines or 

2 hydroxyl derivatives* which can be obtained in accordance with the 
9 state-of-the-art 

4 Referring now back to Reaction Scheme 12 that describes certain 

5 preferred specific examples, 54-cIimeth^-5,6-dihydro-naphthalen-8(7H)- 
. 6 one-2-carbo3^1ic acid (Compound E3) is reacted in the presence of l-(3- 

7 dimethyIaminopropyI)-3-ethyIcarbodiimide hydrochloride (EDCI) and 4- 

8 (dimethylamino)pyridine in methylene chloride to give ethyl 4-[(5,5- 

9 dimethyI-8(7H)-one-5,6-dihydronaphtha]en-2-yl)carbozamido]benzoate 

10 (Compoond 28). Compound 28 of the invention is in the scope of 

11 Formula 2. Reaction Scheme 12 discloses its conversion by reactions of 

12 the type described above, to ethyl 4-[(5,5-dimethyl-8(7H)r-anft*-(0- 

1 3 methyloxime)-5,6-dihydronaphthalen-2-yI)carboxamido]ben2oate 

14 (Compound E30, Formula 4) and (+/-) 4-[(5,5-dimethyl-8-hydro3cy- 

15 5,6,7,8-tetrahydronaphthalen-2-yI)carboxainido]benzoic acid (Compound 

16 E32, Formula 1). Compound E32 is converted to the methoj^methyl 

17 derivative (+/-) ethyl 4-[(5,5-dimethyl-8-(0-metho3ganethyl)-5,6,7,8- 

18 tetrahydronaphthalen-2-yl)carboxamido]benzoate (Compound E34) 

19 within the scope of Formula 1. Each of these amide compounds can 

20 have their respective COOEt group saponified to provide the free 

21 carboxylic acid or its salt. 

22 Referring still to Reaction Scheme 12, methyl 5,5-dimethyl-5,6- 

23 dihydro-naphthalen-8(7H)H3ne-2-carbojylate (Compound E2) is 

24 converted, under conditions described above for analogous reactions, 

25 into the trifluoromethylsulfonyl ("triflate") derivative, methyl 5,5- 

26 dimethyl-5,6-dihydro-8-(trifluoromethylsiilfbnyl)oxy-naphthalene -2r 

27 carbo^Iate (Compound £4). Compound £4 serves as an important 

28 intermediate for the synthesis of compounds within the scope of 
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1 F rmula 6. In the preferred examples shown in the reaction scheme, 

2 Componnd E4 is reacted with the lithium derivative of thiophene in the 

3 presence of ZnOj and Pd(0) catalyst to provide the thienyl substituted 

4 carbox^Iic add methyl ester, (Componnd E5). The latter compound is 

5 saponified to give 5,5-dimethyl-5,6-dihydro-8-(2-thienyI)-naphtbalene-2- 

6 carboxyrlic acid (CompoDnd E6). Compound E6 is coupled with ethyl 4- 

7 aminobenzoate to give ethyl 4-[[(5,5-dimethyl-5,6-dihydro-8-(2-thieityl)- 

8 naphthalen-2-yl)carboxamido]-benzoate (Compound E7), and with ethyl 

9 4-hydrojQrbenzoate to provide ethyl 4-[[(5,5-dimethyl-5,6-dihydro-8-(2- 
10 . thienyI)-haphthalen-2-yl)caibonyl]oxy]-benzoate (Compound E9). 

11 Compounds £7 and £9 of the invention are within the scope of 

12 Formula 6. 

13 As it will be readily recognized in the art, the free carbo;^lic add 

14 derivatives of the invention could not be obtained (or could be obtained 

15 onfy with difSculty) from the caibonylo^ compounds of the present 

16 invention by a process of saponification of the ester compounds siich as 

17 Componnd E9. However, the above-mentioned free carbojylic adds, 

18 such as 4-[[(5,5-dimethyl-5,6-dihydro-8-(2-thienyl)-naphthalen-2- 

19 yl)carboUyl]o:Qr]-benzoic acid (Compound Ell) can be obtained from 

20 the corresponding 2-(tnmethylsilyl)etI^l esters (such as 2- . 

21 (trimethylsilyl)ethyl 4-[[(5,5-dimetI^l-5,6-dihydro-8-(2-thienyl)- 

22 haphthalen-2-yl)carbonyl]oxy]-benzoate, (Compound £10) by treatment 

23 with tetrabutylammonium fluoride. Compound £10 and like coimpoimds 

24 can be obtained by coupling reactions of the type described above, 

25 utilizing, for example, 2-trimethylsilylethyl 4-hydro3^enzoate. The 

26 latter reactions are not shown in Reaction Scheme 12 but specific 

27 examples are described below. 

28 5,5-Dimethyl-5,6-dihydro-naphthalen-8(7H5-one-2-carbo3ylic add 



aUeigaa:pat:600QSpa.apI 



17186 Allec]gan 



96 



1 (Compound E3) is also coupled with etl^I 4>hydroi7be2izoate to provide 

2 ethyl 4-[[(5^-dimet]iyl-8(7H}- one-5,6-dihydroiiaphthaIeii-2- 

3 yI)carboiiyI]o}^]beiizoate (Compoimd E44) within the scope of F rmula 

4 2. Compound E44 is subjected to a Refbrmatsky reaction with eti^I 

5 bromoacetate to yield (+/-) ethyl 4-[[(5,5-dimethyI-8-hydro:Qr-8- 

6 (carbethoxy)-5,6,7,8-tetrahydronaphthalen-2-yI)carbonylJoi9r]beiizoate 

7 (Compoimd £54). Although the following reactions are not shown in 

8 the scheme, an additional preferred example of compounds of the 

9 invention is obtained when Compoimd £44 is reduced with sodium 

10 borohydride to give ethyl 4-[[(5,5-dimethyI-5,6,7,8-tetrahydro-8-hydro3Qr- 

11 naphthaIen-2-yl)carbonyI]oj^]-ben2oate (Compound E4O). The latter is 

12 converted into tetrahydropyranyl derivatives (within the scope of 

13 Formula 1) as is disclosed in detail in the Specific Examples. 

14 To obtain still more sp^ci&c examples for the compounds of the 

15 invention where the Z group is -COO- or -00>^H- 

16 7-bromo-3,4-dihydro-4,4-dimethyInaphthalen-l(2H)-one (Compound G) 

17 is subjected to a Reformatsky reaction with ethyl bromoacetate, and the 

18 resulting (+/-) ethyl 2-(l-hydroxy-l,2,3,4-tetrahydro-4,4-dimethyl-7- 

19 bromornaphthaIen-l-yl)acetate (Compound 47) is subjected to the series 

20 of reactions shown in Reaction Scheme 12. These compounds, although 

21 not ^edfically shown in the scheme, are disclosed in detail in the 

22 appended Specific Examples. 
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1 Reacti n Scheme 13 discloses examples for the synthesis of several 

2 preferred compounds of the invention within the scope of Fonnnla 3. 

3 The reactions shown in ttus scheme are analogous to the reactions 

4 disclosed in the foregoing description and reaction schemes and 

5 therefore will be readily understood by those skilled in the art and do 

6 not require further e:q>lanation here. A detailed e]q>erimental 

7 description for the preparation of compoimds shown in this scheme is 

8 provided in the desoiption of the Specific Examples. The same applies 

9 to Reaction Scheme 14, which discloses examples for the synthesis of 

10 several preferred compounds of the invention within the scope of 

11 Formula 5. , 

12 Cbmpounds of the invention where with reference to the Formulas 1 

13 - 6 the Z group is -N(0)=N- or -N=N(0)- can be prepared by 

14 oxidation of compounds where the Z group is -N=N-. A suitable 

15 oxidizing agent for this purpose is meto-chloroperoxybenzoic add; 

. 16 ^icalty both isomers of the azoxy compounds are formed in reactions 

17 using this agent 

18 Compounds of the present invention where with reference to 

19 Formula 1 - 6, Z is -OCO-t NR^CX), as well as the corresponding 

20 thioester and thioamide analogs, can be prepared from the 

21 intermediates having a bromo function on the aromatic portion of the 

22 tetrahydronaphthalene or dtbydrbnaphthalene nucleus, for example such 

23 as Compoonds G, H, A35, A37, B15 and C42. In these compounds the 

24 bromo function is replaced with an amino or hydrojgri group, in analogy 

25 to the teachings of United States Patent Nos. 5,324,744, the 

26 specification of which is expressly incorporated herein by reference. 

27 Compounds of the present invention where with reference to 

28 Formula 1 - 6, Z is -N=CRi- or -CRi=N- will be readily recognized by 
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1 those skilled in the art as Sch^hascs. These compounds can be made 

2 by reaction between a primaiy amine and aldehyde or ketone. In order 

3 to obtain these compounds where Uie Z is -N=CRi- an amine of the 

4 structure where the NHj group is attached to the aroimatic portion of 

5 the tetralqrdronaphthalene or dihydronaphthalene nucleus, is reacted 

6 with an aldel^de or ketone of the structure OCRi-Y(R^'A-B. An 

7 example for such an amine is Componnd D9. 5<c/t^ bases of the 

8 structure where Z is -CRi=N- can be obtained by reaction of an amine 

9 of the formula NHs'^^^d^-A-B with an aldehyde or ketone where the 

10 aldehyde or ketone function is attached to the aromatic portion of the 

11 tetrahydronaphthalene or dil^dronaphthalene nucleus. Compounds 

■ . . . .V 

12 D14a and D14b serve as examples. 

13 Compounds of the present invention where with reference to 

14 Formula 1-6, the Xi group is [C(Ri)Jn and n is zero ^0), can be made 

15 starting with 6-bromo-indan-l-one (or an appropriately subtituted 

16 denvative). In these synthetic schemes 6-brom6-indan-l-one is used in 

17 analogy to 7'-bromo-3,4-dihydro-4,4-dimetlQriiiaphthalen-l(2H)-one 

T8 (Compound G) as a starting material. 6-bromo-3,3-dimetfayl-indan-l- 

19 one is available accordance with the chemical literature. (See Smith, 

20 J.G.,; Massicotte, M.P. Or g. Prep. Proced. Int.. 1978, 10 123-131.) 
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1 Compounds of the invention where with reference to F nnnla 1 - 6, 

2 the Xj group is [C(R^2]n n is 2 can be made from 8-bromo-2,3,4,5- 

3 tetrahydro-5,5-dimetfayl-l-(2IQ-suberan-one (Componnd FT) which is 

4 used as a starting material in analogy to Compound G. Compound F7 

5 can be made in accordance with the reaction sequence shown in 

6 Reaction Scheme 15. As is shown in the scheme, (3- 

7 bromophenyl)acetaldehyde (Compound Fl) is subjected to a Wittig 

8 reaction to obtain a 5 carbon chain attached to the aromatic nucleus, 

9 and the resulting Componnd F2 is hydrogenated and subjected to Jones 

10 oxidation followed by esterification, to provide methyl (3-bromophenyl)- 

11 pentanoate (Componnd F4). Componnd F4 is reacted with a Grignard 

12 reagent to provide a tertiaiy alcohol (Compound F5), which is c^chzed 

13 to provide 8-bromo-2,3,4,5-tetrahydro-5,5-dimethyl-suberan (Compound 

14 F6). Compound F6 is oxidized with CrO, to yield 8-bromo-2,3,4,5- 

15 tetrahydro-5,5-dimethyl-l-(2H)-suberan-one (Componnd FT). 

16 SPECIFIC EXAMPLES 

17 Ethyl (4-bromophenvI)acetate (Compound A) 

18 A solution of 43 g (200 mmol) of 4-bromophenylacetic acid and 0.2 g 

19 of cone. H2SO4 in 470 ml of ethanol was refluxed for 16 hours. The 

20 reaction mixture was cooled to ambient temperature, stirred with 6 g of 

21 solid K2CO3 for 30 minutes and then filtered. The filtrate was 

22 concentrated in vacuo, diluted with EtjO (200 ml), washed with 10% 

23 aqueous NaHC03 (10 ml) and brine (10 ml), dried over MgS04 and 

24 concentrated in vacuo to give the title compound as a colorless oil. 

25 PMR (CDOj) : S 1.25 (3H, t, J = 7.0 Hz), 3 J6 (2H, s), 4.15 (2H, q, J 

26 = 7.0 Hz), 7.16 (2H, d, J = 8.4 Hz), 7.45 (2H, d, J = 8.4 Hz). 

27 Ethyl (3-bromophenvl)acetate (Compound B) 

28 Employing the same general procedure as for the preparation of 
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1 ethyl (4-bromophenyl)acetate (Compoimd A), 100 g (463 mmol) of 

2 3-bromopIieiiyIacetic add was converted into the title compound fellow 

3 oil) using 2 g of cone. 1^04 and 500 ml of ethanol. 

4 PMR (CDOj) : 8 1.26 (3H, t, J = 7.0 Hz), 3.56 (2H, s). 4.16 (2H, q, J 

5 = 7.0 Hz), 7.16-7.26 (2H, m), 7J8-7.46 (2H, m). 

6 Ethvl 4-(4-bromophenvnbutanoate (Compound C) 

7 To a cold solution (-78 "C) of 15 g (62 mmol) of ethyl 

8 (4-bromophenyI)acetate (Compoand A) in 150 ml of CH2Q2 was added 

9 dropwise (over a ^an of 1 hour) 65 ml (65 nomol) of 

to diisobutylalimiinum hydride (DIBALrH, IM solution in hexane). After 
11 the DIBAL-H addition was complete, the reaction was stirred at -78 "C 
t2 for an additional hour. The reaction was quenched by the dropwise 

13 addition of methanol (10 ml), followed by water (10 ml) and 10% HQ 

14 (40 ml). The mixture was then warmed to 0 "C, stirred for 10 minutes 

15 and then washed with water (15 ml), 10% aqueous NaHCO, (10 ml) 

16 and brine (10 ml). The organic phase was dried over MgS04 and the 

17 solvent distilled off at ambient temperature to give crude 

18 (4-bromophenyl)acetaldehyde. To a cold solution (0 "C) of this crude 

19 aldehyde in 150 ml of CH^Qj was added a solution of 26 g (74.6 mmol) 

20 of (carbetho}^ethylene)triphenylphosphorane in 50 ml of CHj^' The 

21 mixture was stirred for 16 hours, concentrated in vacuo and purified by 

22 flash chromatography (silica, 10% EtOAc-hexane) to give etl^l 

23 4-(4-bromophenyl)but-2-enoate as a mixture of E:Z isomers. This 

24 isomeric mixture was dissolved in 150 ml of EtOAc and hydrogenated 

25 over 1 g of 10% Pd/C for 6 hours. The catalyst was filtered off and the 

26 filtrate concentrated in vacuo to give the tide compound as a white 

27 solid. 

28 PMR (CDQa) : S 1.26 (3H, t, J = 7.1 Hz), 1.88-1.99 (2H, m), 231 (2H, 
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1 t, J = 7.5 Hz), 2.61 (2H, t, J = 7.5 Hz), 4.28 (2H, q, J = 7.1 Hz), 7.05 

2 (2H,diJ = 8.4Hz), 7.40(2H,d,J = 8.4Hz). 

3 Ethyl 4-(3-bromophenvl)butanoate (Compomid 

4 Employing the same general multistep preparation as for etl^l 

5 4-(4-bromophenyI)butanoate (Compound C), 60 g (246 mmol) of ethyl 

6 (3-bromophenyI)acetate (Componnd B) was converted into the title 

7 compound (oil) using 255 ml (255 mmol) of diisobu^laluminum hydride 

8 (DIBAL-H, IM in hexane), 85.8 g (250 mmol) of 

9 (carbetho3^etl^lene)triphenyIphosphorane and 1.7 g of 10% Pd/C 

10 PMR (CDQj) : S 1.26 (3H, t, J = 7.1 Hz), 1.89-2.00 (2H, m), 2.31 (2H, 

11 t, J = 7.5 Hz), 2.63 (2H, t, J = 7.2 Hz), 4.15 (2H, q, J = 7.1 Hz), 

12 7.10-7.35 (4H, m). 

13 5-(3-bromophenvl)-2-methvlpentan-2-ol (Compound E) 

14 To a cold solution (0 *C) of 17 g (63 mmol) of ethyl 

15 4-(3-bromophenyI)butanoate (Componnd D) in 40 ml of THF was 

16 added 63 ml (189 mmol) of metfaylmagnesiimi bromide (3.0M solution 

17 in THF). The reaction was stirred at 0 **C for 2 hours, quenched by the 

18 slow addition of ice cold water (30 ml) followed by 10% HQ (30 ml) 

19 and then extracted with EtjO (4 x 60 ml). The combined organic layer 

20 was washed with 10% aqueous NaHCOj (10 ml), water (10 ml) and 

21 brine (10 ml), dried over M^O^ and concentrated in vacuo . 

22 Purification by Kugelrohir distillation gave the title compound as a 

23 colorless oil. 

24 PMR (CDQ^) : S 1.20 (6H, s), 1.43-1.55 (2H, m), 1.62-1.78 (2H, m), 

25 2.60 (2H, t, J = 6.0 Hz), 7.10-7.41 (4H, m). 

26 6-Bromo-1.2.3.4-tetrahvdro-l.l- din^ethYl naphthalene (Componnd F) 

27 15.0 g (58.3 mmol) of 5-(3-bromophenyI)-2-methyIpentan-2-oI 

28 (Compound E) was cooled to 0 "C and then 2.8 ml of cone. H^O^ was 
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1 added. The mixture was stirred for 2.5 hours, diluted with water (20 

2 ml) and extracted with EtjO (3 x 40 ml). The combined organic layers 

3 were washed with water, sat aqueous NaHOO, and brine, dried over 

4 MgS04 and concentra:ted in vacuo . Purification by Kugelrohr 

5 distillation gave the title compound as a colorless oil. 

6 PMR (CDQ,) : S 125 (6H, s), 1.61-1.66 (2H, m). 1.74-1.82 (2H, m), 

7 (2H, t, J = 6.0 Hz), 7.16-7.26 (3H, m). 

8 7-Bromo-3.4-dihydrf>-4.4-diinftthyT flaphthalen-ir2m-one (Compound G) 
» To a cold mixture (0 "C) of 209 g (200 mmol) of chromium trioxide, 

10 100 ml (1.06 mpl) of acetic anhydride and 200 ml (3.5 mol) of acetic 

11 add was added a solution of 10 g (41.8 mmol) of 6-bromo^l,23,4-tet- 

12 rahydro-l,l-dimethylnaphthaIene (Compound in 125 ml of benzene. 

13 The reaction mixture was stirred for 1 hour, quenched with ice cold 

14 water and extracted with EtjO (3 x 100 ml). The organic layer was dried 

15 over MgS04, concentrated in vacuo, and purified by column 

16 chromatography (sihca, 10% EtOAc-hexane) to give the title compound 

17 as a white solid. 

« PMR (CDQ,) : S 1.28 (6H, s), 2.01 (2H, t, J = 6.0 Hz), 2.72 (2H, t, J = 

19 6.0Hz), 7.31 (IH, d, J = 9.0 Hz), 7.61 (IH, dd, J = 3.0, 9.0 Hz), 8.11 

20 (IH, d, J = 3.0 Hz). 

21 6-Bromo-3.4-dihvdro-4. 4-dimethvlnaphthaien-ir2H)-Qne (Compoond H) 

22 Employing a published procedure (Mathiir, N.C; Snow, M.S. ; 

23 Young, K. M.; and Pincock, J. A. Tetrahedron. 41, 1509-1516 (1985) ), 

24 ethyl 4-(4-bromophenyI)butanoate (Compound C) was converted into 

25 the title compound. Alternatively, the title compound can be obtained 

26 using similar reactions that were used to convert ethyl 

27 4-(3-bromophehyl)butanoate (Componhd D) into 

28 7-bromo-3,4-dihydro-4,4-dimethylnaphthalen-l(2H)-one (Compound G) 
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t Ethvl rE't-4-[2-r5.6-dAvd ro-5.5-dimethvl.naphthaleii-8r7m-one-2- 

2 vl)etheDvl]-beD2oate 

3 (Compoand A2) 

4 To a solution of 520.0 mg (2.00 mmol) of 3,4-dihydro-4,4-dimethyl-7- 

5 bromo-naphthaIen-l(2H)-one (Compoond G), and 510.0 mg (2.90 

s mmol) of ethyl 4-vinyIbenzoate in 4.0 mL of triethylamine (degassed by 

7 sparging with argon for 25 minutes), was added 124.0 mg (0.40 mmol) 

8 of tris(2-methylphenyl) phosphine, followed by 44.0 mg (0.20 mmol) of 

9 palladium(II)acetate. The resulting solution was heated to 95 *C for 2.5 
10 h , cooled to room temperature, and concentrated under reduced 

It pressure. Purification by oolunm chromatography (10^ EtOAc / 

12 hexanes) afforded the title compound as a colorless soUd. 

13 1H NMR (CDOj): S 1.41 (t, J = 7.1 Hz, 3H), 1.41 (s, 6H), 2.04 (t, J = 

14 6.5 Hz, 2H), 2.76 (t, J = 6.5 Hz, 21^, 439 (q, J = 7.1 Hz, 2H), 7.20 (s, 

15 2H), 7.45 (d, J = 8.2 Hz. IH), 7.57 (d, J = 8.4 Hz, 2H), 7.69 dd, J = 

16 2.0, 8.2 Hz, IH), 8.03 (d, J = 8.4 Kb, 2H), 8.19 (d, J = 2.0 Hz, IH). 

17 rE>-4-f2-r5.6.7.8-tetrahvdrQ.5.5-dtm rthvi-8K3XO-2-naphthalenvnethenvl]- 

18 benzoic acid (Compoond A2a) 

19 Employing the same general procedure as for the preparation of (E)-4- 

20 [2-(5,6,7,8-tetrahydro-5,5-dimethyl-8-anti-(0-methyl oxime)-2- 

21 naphthalenyl)ethenyl]-benzoic add 

22 (Compound A4) 110 mg (032 mmol) of ethyl (E)-4-[2-(5,6,7,8- 

23 tetraItydro-5,5-dimethyl-8-oxo-2-naphthaIeiQrI)etheiiyrl]-benzoate 

24 (Compound A2) was converted into the title compound using 1.0 mL 

25 (1.5 mmol) of LiOH (1.5 M aqueous solution) and 0.5 mL of methanol. 

26 IH NMR (DMSO) 5 136 (s, 6 H), 1.96 (t, / = 6.7 Hz, 3 H), 2.69 (t, / 
zr =6JHz, 2 H), 7.35 (d, / = 16.4 Hz, 1 H), 7.49 (d, / = 16.4 Hz, 1 H), 
28 7.58 (d, / = 8.4 Hz, 1 H), 7.74 (d, / = 8.4 Hz, 2 H), 7.89 (overlapping 
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1 d,3H), 8.05 (s,lH). 

2 Ethyl (B)-4-l2'(5.5-dhnetM-S.6.-dihvdTn^( 7m-and.(^^ oTimft)- 

3 naphthale n-2-vl)ethenvl]-benzoate (Componnd A3) 

4 A solution of 298 mg (0.85 mmol) of ethyl (E)-4-[2-(5,5-dimethyI- 

5 5,6,-dihydro-naphthaIen-8(7H)-one-2-yI)ethenyI]-benzoate (Compoimd 

6 A2), 290 mg (3.4 mmol) of methoiylamine hydrochloride and 610 mg 

7 (4.5 mmol) of sodium acetate in 7.0 mL of EtOH and 5.0 mL of 

8 tetrahydrofuran was stirred at ambient temperature for 96 h and 

8 refluxed for 3 h. An additional 0.24 g (1.8 mmol) of methoxylamine 

10 hydrochloride was added and the mixture refluxed for another 1 h. The 

11 mixture was concentrated in vacuo, the residue was diluted with water 

12 and extracted with EtOAc (2 x). The combined organic layer was dried 

13 over MgSO^, and concentrated in vacuo,. The crude material was 

14 purified by flash chromatograpl^r (silica, 5 % ethyl acetate in hexanes) 

15 to afford the title compound as a yelloW oil. 

16 iH NMR (CDQj): S 1.30 (s. 6 H), 1.41 (t, / = 7.1 Hz, 3 H). 1.73 (t, / 

17 = 6.9 Hz, 2 H), 2.80 (t, / = 6.9 Hz, 2 H), 4.04 ( s, 3H), 439 (q, / = 7.1 

18 Hz, 2 H), 7.13 (d, / = 16.4 Hz, 1 H), 7.22 (d, / = 16.4 Hz, 1 H), 7.36 

19 (d, / = 8.2'Hz, 1 H), 7.50 (dd, / = 2.0, 8.2 Hz, 1 H), 7J7 (d, / = 8.4 

20 Hz, 2 H), 8.03 (d, / = 8.4 Hz, 2 H), 8.11 (d, / = 2.0 Hz. 1 H). 

21 rE)-4-r2-r 5.5-Dimethvl-5. 6.-dihvdrQ-8(7H>-fl/itf>/Q-methvl oxime)- 

22 naphthale n-2-vl'>ethenvI]-benzoic acid (CompnnnH Ad) 

23 To a solution of 183 mg (0.48 mmol) of ethyl (E)-4-[2-(5,5-dimetltyl- 

24 5,6,-dihydro-8(7H)^flrt/i-(0-methyl oxime)-naphthalen-2-yl)ethenyI]- 

25 benzoate (Componnd A3) in 4.0 mL of tetrahydrofuran and 1.0 mL of 

26 methanol was added 1.0 mL (2.4 mmol) of LiOH (2.4 M aqueous 

27 solution). The mixture was stirred at ambient temperature for 19 h, and 

28 concentrated in vacuo. The residue was diluted with water and acidified 



aOejsan:pat:600Q5pa.apI 



17186 Alleiian 



108 

1 to pH 1 with 10% HQ, and extracted with ethyl acetate (2x). The 

2 organic phase was washed with brine, dried with M^O^ and 

3 concentrated in vacuo. Reciystallization of the crude product using 

4 acetonitrile afforded the title compound as white crystals. 

5 iH NMR (DAISO-Dg): S 1.24 (s, 6 H), 1.66 (t, /= 6.6 Hz, 2 H), 2.72 

6 (t, / =r 6.6 Hz. 2 H), 3.95(s, IH), 7.26 (d,V= 16.5 H^IH), 7.44 (d,/ 

7 = 8.2 Hz, 1 H), 7.44 (d, / = 16.5 Hz, 1 H), 7.67 (d, / = 8.2 Hz, 1 H), 

8 7.74 (d, / = 8.1 Hz, 2 H). 7.92 (d, / = 8.1 Hz, 2 H), 8.01 (s, 1 H). 

• Ethvl rE^-4-f2-^5.5-dimeth vl-5.6.-dihvdro-8r7H>ngi2rf-(0-ethvl oyime}- 
10 naphthalen -2-vl)ethenyl]-benzoate (Componnd Ay) 
it Employing the same gieneral procedure as for the preparation of 

12 ethyl (E)-4-[2-(5.5-dimethyl-5,6,-dihydro-8(7H)-flntf-(0-inethyl oidme)- 

13 naphthalen-2-yl)ethenyl]-beiizoate (Compound A3) 146 mg (0.42 mmol) 

14 of ethyl (E)-4-[2-(5,5-dimethyl-5,6, diltydronaphthalen-8(7H)-one-2- 

15 yI)ethenyI]-benzoate (Compound A2) was converted into the title 

16 compound (white solid) using 167 mg (1.7 mmol) of ethojgrlamine 

17 hydrochloride, 337 mg (2.5 mmol) of sodmm acetate, 5.0 mL of EtOH 

18 and 1.0 mL of tetrahydrofiiran. 

19 iH NMR (COaj): S 1.28 (s. 6 H), 1.35 (t, / = 7.1 Hz, 3 H), 139 (t, / 

20 =7.1Hz,3H), 1.71(t,/ = 6.9Hz,2H),2.80(t,/=6.9Hz,2H),4.27 

21 (q. / = 7.1 Hz, 2 H), 4.37 (q, / = 7.1 Hz. 2 H), 7.11 (d, / = 16.4 Hz, 1 

22 H), 7.21 (d, / = 16.4 Hz, 1 KQ, 734 (d, / = 8.2 Hz, 1 H), 7.48 (dd, / = 

23 1.9, 8.2 Hz, 1 H), 7.55 (d, / = 8.4 Hz, 2 H), 8.01 (d, / = 8.4 Hz, 2 H), 

24 8.11 (d,/= 1.9Hz, IH). 

25 rE>-4-r2-r 5.5-Dimethvl-5. 6.-dihvdro-8f;7m-gnrf-(0-ethvl oxime)- 
» naphthalen -2-vnethenvl]-benzoic acid (Compound A6) 

27 Employing the same general procedure as for the preparation of (E)- 

28 4-[2-(5,5-dimethyl-5,6,-dihydro~8(7H)-a/itf-(0-methyl oxime)- 
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1 naphthaIeii-2-yI)ethenyI]-benzoic add (Compound A4) 81 mg (0^1 

2 mmol) of ethyl (E)-4-[2-(5^-dimethyI-5,6-dmydro-8(7H)-iOTtf-(0-ethyl 

3 oxime)-naphthaIen-2-yl)ethen5iJ-benzoate (Compound AS) was 

4 converted into the title compound (white solid) using 1.0 mL (1.8 

5 mmol) of liOH (1.8 M aqueous solution). 

6 iH NMR (Acetone-Dg): 8 130 (s, 6 H), 1.31 (t, / = 7.1 Hz, 3 H), 1.73 

7 (t,/ = 6.9 Hz, 2H), 2.78 (t,J= 6.9 Hz. 2H), 4.23 (q,/ = 7.1 Hz, 2 H), 

8 7.30 (d, / = 16.4 Hz, 1 H), 7.41 (d, / = 16.4 Hz, 1 H), 7.41 (d, / = 8.2 

9 Hz, 1 H), 7.66 (dd. / = 1.9, 8.2 Hz, 1 H), 7.76 (d, / = 8.4 H^ 2 H), 8.03 
to (d,/=8.4Hz,2H),8.15(d,/=1.9Hz,lI^. 

Ethvl nE^-4-[2-^5.5.dime tbvl-5.6.-diTivdro-8(7H)^«tf-roxinie}- 
t2 naphtbalen-2-vl)etheovl]-beDzoate (Compound A7) 
13 Employing the same general procedure as for the preparation of 
V 14 ethyl (E)-4-[2-(5,5-dimethyl-5,6,-dihydro-8(7H)na/zrf-(0-methyl oxime)- 

15 naphthalen-2-yl)ethenyI]-benzoate (Compound A3) 190 mg (0.55 mmol) 

16 of ethyl (E)-4-[2-(5,5-dimethyl-5,6-dihydronaphthaIen-8(7H)-one-2- 

17 yI)ethenyrI]-benzoate (Compound A2) was converted into the title 

18 compound using 152 mg (1.7 mmol) of hydro^g^Iamine hydrochloride, 

19 430 mg (3.2 mmol) of sodium acetate, 6.0 mL of EtOH and 1.0 mL of 

20 tetrahydrofuran. 

21 iH NMR (CDaj): S 1.32 (s, 6 H), 1.41 (t, / = 7.1 Hz, 3 H), 1.77 (t, / 

22 = 7.0 Hz, 2 H), 2.91 (t, / = 7.0 Hz, 2 H), 4.39 (q, / = 7.1 Hz. 2 H), 

23 7.13 (d. / = 16.4 Hz. 1 H), 7.20 (d, / = 16.4 Hz, 1 H), 7.39 (d, / « 8.2 

24 Hz, 1 H), 7.49 (m, / = 1.8 Hz, 1 H), 7.53 (d, / = 8.4 Hz, 2 H), 8.02 (d, 

25 /= 8.4Hz, 2H), 8.08 (d,/= 1.8Hz, 1 H), 8.48 (s, 1 H). 

26 rE)-4-[2-(5.5-Dimethvl -5.6.-dihvdronaphthalen-8r7H^-flnri(nTinift)-9. 

27 vl'>etbenvl]-benzoic add (Compound A8) 

28 Employing the same general procedure as for the preparation of (E)- 
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1 4-[2-(5,5-dimethyl-5,6,-diItydro-8(7H)-antf.(0-methyl oxmie)-iiaphtIiaien- 

2 2-yI)ethenylJ-beiizoic add (Compoimd A4) 104 mg (0^ mmol) of ethyl 

3 (E)-4-[2r(5^-dimetIyl-5,6,Td%dro-8(7H).antf-(oxm 

4 yI)ethenylJ-ben2oate (Componnd AT) was converted into the title 

5 compound using 1.0 mL (15 mmol) of liOH (1.5 M aqueous solution). 

6 IH NMR (DMSO-Dg): S 1.24 (s. 6 H), 1.66 (t, / = 6.7 Hz, 2 H), 1.71 

7 (t,/=6.7Hz,'2H), 7.23(d,/= 16JHz,lH),7.4l(d,/=:8JHz,l 

8 H), 7.42 (d, /= 16.5 Hz, IH), 7.62 (dd, 7=1.7, 83 Hz. IH), 7.73 (d,/ 
» = 8-5 Hz, 2 H), 7.92 (d, / = 8.5 Hz, 2 H). 8.03 (d, /= 1.7 Hz, 1 H). 

'0 Ethyl ffi>-4-f2-r5.6-dihvdro.5.5-dimftfhY |.8-rtrifluoromethvlsulfonvl> nYy- 
It naphihalen-2-vl'>ethen vI]-ben2oate (Componnd A9) , 

12 To a cold (-78 "C) solution of 440.0 mg (2.40 mmol) of sodium 

13 bis(trimethylsilyl)amide in 10.0 mL of THF was added 700.0 mg (2.00 

14 mmol) of ethyl (E)-4-[2-(5,6-dihydro-5,5-dimethyI-naphthaIen-8(7H)- 

15 one-2-yI)ethenyl]-benzoate (Componnd A2) as a solution in 25.0 mL of 

16 THF. After stirring at -78*0 for 1.5 h, 960.0 mg (2.40 mmol) of 2[NM. 

17 bis trifloromethylsuIfonyI)amino]-5-chloropyridine was added in one 

18 portion. After 30 min, the solution was warmed to 0°C and. stirred for 3 

19 h. The reaction was quenched by the addition of saturated aqueous 

20 NH4a, and extracted with EtOAc. The combined extracts were washed 

21 with 5% aqueous NaOH, dried (NaS04), and the soWents removed 

22 under reduced pressure. The tiUe compound was isolated as a colorless 

23 solid after column chromatography (7% EtOAc / hexanes). 

24 in NMR (GDQj): 5_1.32 (s, 6H), 1.41 (t, J = 7.1 Hz, 3H), 2.43 (d, J = 

25 4.9 Hz, 2H), 4.39 (q, J = 7.1 Hz, 2H), 6.00 (t, J = 4.9 Hz, IH), 7.10 (d, 

26 J = 16.4 Hz, IH), 7.20 (d, J = 16.4 Hz, IH), 7J3 (d, J = 8.0 Hz, IH), 

27 7.49 (d. J = 8.0 Hz, IH), 7.52 (s, IH). 7.57 (d, J = 8.4 Hz, 2H), 8.04 (d. 

28 J = 8.4 Hz, IH). 
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' Ethyl rEM-[2-r5.5-dimeth vl-8-rthia2Ql-2-vn.5.6-dihvdro naphthalen-7.- 

2 vDethenvlJ-benzoate (C mpound AlO) 

3 To a cold (-78 °C) solution of thiazole (038 g (0.10 mL, 1.4 mmol) 

4 in THF (2.0 mL) was added n-butyl lithium (1.6 M solution in hexanes, 

5 0.5 mL, 0.8 mmol) and stirred for 30 min. To this solution was added 

6 0.176 g (1.3 mmol) of zinc chloride in 3.0 mL of tetrahydrofuran and 

7 stirred for 45 min. The resulting turbid solution was transferred, via 

8 cannula, to a flask containing a mixtiire of 0.17 g (0.35 mmol) of ethyl 

9 (E)-4-[2-(5,5-dimethyl-8-(trifluorometIiyIsulfoiqrl)oxy-5,6- 

To dihydronaphthalen-2-yl)ethenyI] benzoate (Compoimd A9) and 15 mg 
ti (0.01 mmol) of tetralds(tripheitylphosphine)paliadium.(0) in 3.0 mL of 

12 tetrahydrofuran. The reaction mixture was stirred for 1 h at ambient 

13 temperature and 1.5 h at 55 °C The reaction mixture was treated with 

14 aqueous NH4a, and extracted with EtOAc (2 x). The combined 

15 organic layer was washed with brine and dried (MgS04). The solvent 
ie was removed under reduced pressure and the crude product was 

17 purified by flash chromatography (silica, 20% ethyl acetate in hexane) to 

18 afford the title compound as a white solid. 

19 iH NMR (CDQs): S 1.34 (s, 6 H). 1.40 (t, / = 7.1 Hz, 3 H), 2.41 (d, / 

20 = 4.9 Hz, 2 H), 4.37 (q, 7=7.1 Hz, 2 H), 6.56 (t, / = 4.9 Hz, 1 H), 

21 7.03 (d, / = 16.4 Hz, 1 H), 7.18 (d, J = 16.4 Hz, 1 H), 734 (d. / = 3.4 

22 Hz, 1 H). 7.38 (d, / = 8.1 Hz, 1 H), 7.48 (dd, / = 1.8, 8.4 Hz, 1 H), . 

23 7.53 (d, / = 8.4 Hz, 2 H), 7.86 (d, / = 1.8 Hz, 1 H), 7.93 (d, / = 3.4 Hz, 

24 IH), 8.00(d,/= 8.4Hz,2H). 

25 rEM-[2-r-5. 5-Dimethvl-8-rthiazol-2-vn-5.6-dihvdronaphthaIen-2- 

26 vDethenvlj-benzoic acid (Compound A12) 

27 Employing the same general procedure as for the preparation of (E)-4- 

28 [2-(5,5-dimethyI-5,6,-dihydro-8(7H)-<znA-(0-methyl oxime)-naphthaIen-2- 
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1 yl)ethenyl]-beii20ic acid (Compoimd A4), 20 mg (0.05 mmol) of ethyl 

2 (E)-4-[2-(5,6-diIqrdro-54-dimetIqrl-8-(tIiiazol-2-yI)-iwph^ 

3 yI)etheiiyI]-beiizoate (Compoand AID) was converted into the title 

4 compoimd (white solid). 

5 ^HNMR(CDa^): 8 1.28 (s, 6 H), 2J9 (d,/ = 4.9 Hz, 2 H), 6.63 (t,/ 

6 = 4.9 Hz, 1 H), 7.15 (d,/ = 16.4 Hz, 1 fl), 736 (d,/ = 16.4 Hz, 1 H). 

7 7.43 (d, / = 8.2 Hz, 1 H), 7.63 (d, / = 8.2 Hz, 1 H), 7.70(d,/=8.2 

8 Hz, 2 H), 7.77 (d,/ = 3.3 Hz, 1 H), 7.90 (m, / = 8.2 Hz, 3 H), 7.97 (d, 

9 / = 3.3 Hz, 1 H). 

w Ethyl nE)-4-f2-r-5.5-dime thvl-8-r2-thienvn-5.6-dihvdronaphthalen-2- 

ti yI)etheDyl] -hen7natft (Compoosd A13) ^ 

t2 A solution of lithiothiophene was prepared by the addition of 0.10 g 

13 (0.095 mL, 1.2 mmol) of thiophene to a cold solution (-78 °C) of 0.61 g 

14 (0.90 mL, 1.4 mmol, 1.6 M in hexanes) of n-butyl lithium in 2.0 mL of 

15 tetralgrdrofuran. The solution was stirred at -78 °C for 35 min and then 

16 a solution of 0.158 g (1.2 inmol) of zinc chloride in 2.0 mL of 

17 tetrahydrofuran was added. The resulting solution was stirred at -78 °C 

18 to room temperature for 1 h and then the organozinc was added via 

19 cannula to a niijrture of 0.212 g (0.44 mmol) of ethyl (E)-4-[2-(5,5- 

20 dimethyl-8-(trifluoromethylsulfoiiyl)oiy-5,6-dil^dronaphthaleh-2- 

21 yl)ethenyl] benzoate (Compound A9) and 18 mg (0.016 mmol) of 

22 tetrakis(triphenylphosphine)palladium(0) in 2.0 mL of tetrahydrofuran. 

23 The resulting mixture was stirred at room temperature for 10 min and 

24 then heated at 50 °C for 1 h. The reaction was quenched by the 

25 addition of sat. aqueous NH^Q. The mixture was extracted with 

26 EtOAc (2x), and washed with brine. The organic phase was dried over 

27 hfa2SO^ and then concentrated m vacuo. The crude material product 

28 was purified by flash chromatography (silica, 15 % ethyl acetate in 
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1 hexanes) to afford the title compound as a solid. 

2 iH NMR (GDQj): 5 1.34 (s. 6 H), 1.40 (t, / = 7.1 Hz, 3 H), 234 (d, / 

3 = 4.8 Hz, 2 H), 4.37 (q, 7 = 7.1 Hz, 2 H), 6.22 (t, / = 4.8 Hz, 1 H), 

4 7.02 (d, / = 16.4 Hz, 1 H), 7.10- 7.12 (m, 2 H), 7.15 (d, / = 16.4 Hz, 1 

5 H), 7.29-7.33 (m, 1 H), 7.37 (d, / = 8.0 Ife, 1 H), 7.45 (dd, / = 1.8, 8.0 

6 Hz, 1 H), 7.52 (d, y = 8.5 Hz, 2 H), 7.53 (d, / = 1.8 Hz, 1 H). 8.00 (d, 

7 / = 8.4 Hz, 2 H). 

8 ffi^-4^[2-r-5. 5-DimethvI-8-r:2-thienvJ)-5.6-dihvdronaphthalen-2- 
» vnethenvl]-benzoic add (Compoand A15) 

10 Employing the same general procedure as for the preparation of (E)-4- 

11 [2-(5,5-dimethyI-5,6,-dihydro-8(7H)-a«A-(0-methyl oxime)-naphthalen-2- 

12 yI)ethenyl]-ben2oic acid (Compound A4) 98 mg (0.24 mmdl) of ethyl 

13 (E)-4-[2-(-5,5-dimethyl-8-(2-thienyl)-5,6-dihydronaphthalen-2-yI)ethenyl]- 

14 benzoate (Compound A13) was converted into the title compound 

15 (white solid). 

16 iH NMR (DMSO-Dg): S 1.27 (s, 6H), 232 (d, / = 4.8 Hz, 2 H), 6.23 

17 (t, / = 4.8 Hz, 1 H), 7.14 (d, / = 16.4 Hz, 1 H), 7.14- 7.15 (overlapping 

18 d, 2 H), 7.36 (d, / = 16.4 Hz, 1 H), 7.43 (d, / = 8.1 Hz, 1 H), 7.48 (d, J 

19 = 1.7 Hz, 1 H), 7.54 (t, / = 3.1 Hz, 1 H), 7.62 (dd, J = 1.7, 8.1 Hz, 1 

20 H), 7.68(d,/=8.4Hz,2H), 7.88(d,/=8.4Hz,2 H). . 

21 Ethvl (E}-4-[2-^5.6-dihvdro-5.5-dimftthvl-8-rphenvlthiQ)- 

22 HaphthalenvlVethenvl] benzoate (Componnd Al<i) 

23 To a degassed solution of 0.35 g (1.0 mmol) of 2-bromo-5,6-dihydro- 

24 5,5-dimethyl-8-(phenylthio)-naphthalene (Componnd ASS) and 0.34 g 

25 (1.9 mmol) of ethyl 4-vinylbenzoate in 4.0 mL of triethylamine, was 

26 added 0.066 g (0.2 mmol) of tri-o-tolylphosphine and then 0.025 g (0.1 

27 nunol) of palladium(II) acetate. The reaction was heated at 90 •€ for 

28 2.25 h. The reaction was concentrated in vacuo. The residue was 
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1 purified by flash chromatography (silica, 5 % ethyl acetate in hexane), 

2 followed by reciystallization using EtOH to afford the title compound 8 

3 white crystals. 

4 iH NMR (CDaj): S 1.35 (s. 6 PQ, 1.40 (t, / = 7.1 Hz, 3 H), 2.41 (d, / 

5 = 4.7 Hz, 2 H), 4.38 (q, / = 7.1 Hz, 2 H), 6 J5 (t, / = 4.7 Hz, 1 H). 

6 6.93 (d, 7 = 16.3 Hz, 1 H), 7.08-7.16 (m, 2 H), 7.22-7.27 (m, 6 H), 732 

7 (d,/= 8.2Hz, IH), 7J8(dd,/=1.7,8.0Hz,lH),7.49(d,/=8.4 

8 Hz, 2 H), 7.81 (d, / = 1.7Hz,lH),8.00(d,/=8.4Hz,2I^. 
» Ethvl (E)-4-[2-r5.6-dih vdro-5.5-diiiiethvl-8-(phenvlsulfonvl)- 

10 naphthale nvnethenvl] benzoate (Compftnnii A17) 

11 To a solution of 0.090 g (0.2 mmol) of ethyl (E)-4-[2-(5,6-dihydro- 

12 5,5-dimethyl-8-(phenylthio)-naphthaleityl)ethei^ri] benzoate (Compound 

13 A16) in 2.0 mL of methylene chloride was added dropwise a solution of 

14 140 mg (0.45 mmol, 50-60 %) of m-chloroperojg^enzoic add in 2.0 mL 
16 of methylene chloride and the reaction sthred at room temperature for 

16 3.5 h. The mixture was diluted with water and extracted with methylene 

17 chloride (2x). The organic phase was dried over MgS04 and 

18 concentrated in vacuo. The crude product was purified by flash 

19 chromatography (silica, 30 % ethyl acetate in hexanes) foUowed by 

20 reciystallization in EtOH to afford the title compound as a solid. 

21 iH NMR (CX>a3): S 1.22 (s, 6 H). 1.42 (t, / = 7.1 Ife, 3 H). 250 (d, / 

22 = 4.9 Hz, 2 H), 4.39 (q, / = 7.1 Hz, 2 H), 7.00 (d, /= 16.4 Hz, 1 H), 

23 7.13 (d, / = 16.4 Hz, 1 H), 7.29 (d, 7 = 8.4 Hz, 1 H), 7.40 (dd, 7 = 1.7, 

24 8.1 Hz, 1 H), 7.46-7.57 (m, 6 H), 7.97 (m, 2 H), 8,04 (d, 7 = 8.4 Hz, 2 

25 H), 8.11 (d, 7 = 1.7 Hz, 1 H). 

» rE)-4-r2-r5.6-dihvdro-5.5 -dimethvl-8-(phenvlthio)-naDhthalen-2- 

27 vDethenvl] benzoic add (Componnd A1«^ 

28 Employing the same general procedure as for the preparation of 
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1 (E)-4-[2-(54-dimethyl-5,6rdihydro-8(7H)-<wtf-(0-methyl o 

2 iiaphtIialen-2-yl)ethenyIJ-beiizoic add (Compoand A4), 60 mg (0.14 

3 mmoI)ofe%l (E)-4-[2-(5,6-dihydro.5,5-dime%I-8-(pheiQrlthio)- 

4 naphthaIen-2-yl)ethenyIJ benzoate (Compound A15) was converted into 
s the title compound (white solid). 

e iH NMR (DMSO-Dg): S 1.29 (s, 6 H), 2.40 (d, / = 4.6 Hz, 3 H), 6.61 

7 (t, / =4.6 Hz, IH), 7.05 (d, 7=16.4 Hz, IH), 7.17-7.20 (m,lH), 

8 7.28-7.35 (m, 4 H), 738 (d, / = 8.1 Hz, 1 H), 7.52 (dd. / = 1.6. 8.1 Hz, 

0 1 H), 7.67 (d, / = 8.4 Hz, 2 H), 7.73 (d, / = 1.6 Hz, 1 H), 7.90 (d. / = 
to 8.4 Hz, 2 H). 

" rE;>-4-[-2-( 5.6-difavdro-5.5-dimethyl-8-rDbenvlsuIfonvlV .. 

« naphthale nvnethenvl] benzoic acid (Cpmpotmd A19) 

13 To a cold solution (0 of 61 mg (0.15 mmol) of (E)-4-[2-(5,6- 

t4 dihydro-5,5-dimethyI-8-(phenylthio)-naphthaIen-2-yI)ethenyI] benzoic 

15 acid (Compound A18) in 5.0 mL of metln'lene chloride and 2.0 mL of 

16 tetrahydrofuran was added dropwise a cold solution (0 "C) of 70 mg 

17 (0.22 mmol, 50-60%) of m-chloroperojgrbenzoic acid in 4.0 mL of 

18 methylene chloride and the reaction stirred at 0 for 7 mm The 

19 mixture was diluted with water and extracted with methylene chloride 

20 (2x). The organic phase was dried over Na2S04 and concentrated in 

21 vacuo. Recrystallization from acetonitrQe gave the title compound as a 

22 solid. 

23 IR NMR (DMSO-Dg): S 1.16 (s, 6 H), 2.54 (d, / = 4.6 Hz, 2 H). 7.08 

24 (d, / = 16.4 Hz, 1 H), 7,35-7.41 (m, 2 H), 7.48 (t, / = 4.6 Hz, 1 H), 7.56 

25 (d, / = 8.7 Hz, 1 H), 7.63-7.68 (m, 3 H), 7.75 (d, / = 8.2 Hz, 2 H), 

26 7.93-7.96(m, 3H), 8.03(d,/=8.2Ife,2H). 

27 Ethvl rEV4-[-2-r5.6-dihv dro-5.5-dimethvl-8-<;ethvlthioVnaphthaIen.2. 

28 vDethenvI] benzoate (Componnd Aiay 

r 
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1 To a degassed solution of 0^0 g (1.7 mmol) of 2-bromo-5,6-dihydro. 

2 5,5-dimethyl-8-(ethyIthio)-naphthaleiie (Compound A36) and 0.45 g (2.5 

3 mmol) of ethyl 4-vmyIben2oate in 4.0 mL of triethylamine, was added 

4 109 mg (0.36 mmol) of tri-o-tolylphosphine and then 35 mg (0.16 mmol) 

5 of paIIadium(II) acetate. The reaction was heated at 90 "C for 2.25 h. 

6 The reaction was concentrated in vacuo and purified by flash 

7 chromatography (silica, 2 % ethyl acetate in hexane) to afford the title 

8 compound as a colorless oil. 

9 M NMR (GDQj): S 1.29 (s, 6 H). 130 (t. / =7.4 Hz, 3 H), 1.41 (t, / = 

10 7.1 Hz. 3 H), 231 (d, /= 4.8 Hz, 2 H), 2.75 (q, / = 7.4 Hz, 2 H), 438 

11 (q,/=7.1Hz,2H), 6.20 (t, / = 4.8 He, 1 H), 7.12 (d, / = 163 Hz, 1 

12 H), 7.24 (d, / = 163 Hz. 1 H), 732 (d, / = 8.0 Hz, 1 H), 7.41 (dd, / = 

13 1.7, 8.0 Hz, 1 H). 7.57 (d, / = 8.4 Hz, 2 H), 7.89 (d, / = 1.7 Hz, 1 H), 

14 8.02 (d,/ =8.4 Hz, 2 H). 

" fE)-4-f-2-r5,6-dihvdro-5.5-dimetbvl-8-(e thvlthioV-naphthalen-2-v]^et^1ftnYT] 

16 benzoic acid (Compound A21) 

17 Employing the same general procedure as for the preparation of (E)-4- 

18 [2-(5,5-dimethyl-5,6.-dihydro-8(7H)-fln/i-(0-methyloxime)-naphthalen-2- 

19 yI)ethenyI].benzoic add (Compound A4), 206 mg (0.52 mmol) of ethyl 

20 (E)-4-[-2-(5,6-dihydro-5,5-dimethyl-8-(ethylthio)-naphthalen-2-yl)ethenylJ 

21 benzoate (Compound A20) was converted into the tiUe compound 

22 (white solid). 

23 iH NMR (DMSO-Dg): « 1.22 (t, / =7.1 Hz, 3 H), 1.23 (s, 6 H), 2.27 

24 (d, / = 4.9 Hz, 2 H). 2.75 (q, / = 7.1 Ifc, 2 H), 6.15 (t, / = 4.9 Hz, 1 

25 H), 7.24 (d, / = 16.4 Hz, 1 H), 737 (d, / = 8.1 Hz, 1 H), 7.45 (d, / = 

26 16.4 Ife, 1 H), 7.75 (m, 3 H), 7.92 (d, / = 8.1 Hz, 2 H). 

2^ rE)-4-f-2-r5.6-dihvdro-5. 5.dimethvl-8-(ethvlsulfonvn-naphtha!en-2- 

28 vnethenvl] benzoate (Compound A22) 
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1 To a cold solution (0 of 44 mg (0.12 mmol) of ethyl (E)-4-[2. 

2 (5,6-dihydro-5,5-dimethyl.8.(ethyIthio)-naphtlialen-2-yl)ethei9^^^ benzoic 

3 add (Componnd A21) in 4.0 mL of methylene chloride and 03 mL of 

4 tetrahydrofuran was added dropwise a cold solution (0 *C) of 55 mg 

5 (0.18 mmol, 50-60%) of m-chloroperojgrbenzoic acid in 3.0 mL of 
methylene chloride and the reaction stirred at 0 "C for 30 min. The 
mixture was diluted with water and extracted with methylene chloride 
(2x). The organic phase was diluted with EtOAc, dried over Na2S04 
and then concentrated in vacuo. Reciystallization from acetoniteile gave 

10 the title compound as a solid. 

11 iH NMR (DMSO-Dg): S 1.16 (t, / = 7.3 Hz. 1 H), 1.25 (s, 6 H), 2.50 

12 (d, / = 4.8 Hz, 2 H), 3.32 (q. / = 7.3 Hz, 2 H), 7.18 (t, / = 4.8 Hz, 1 
.3 H), 7.25 (d, 7=16.4 Hz, IH). 7.46 (d, 7=16.4 Hz, IH), 7.49 (d,/ = 

14 8.1 Hz, 1 H), 7.71 (dd, 7 = 1.5, 8.1 Hz, 1 H), 7.76 (d, 7 = 8.4 Hz, 2 H), 

15 7.94 (d,7= 8.4Hz,2 H),8.04(d, 7 = 1.5 Hz, I H). 
« Ethyl rEM-r-2-r5.6.7.8^tetrah vdro-5.5-dimftthvl-8-n.3-dithi;>n-9. 
" vnnaphthalen-2-vneth envl] benzoate (Compound A23) 

To a cold solution (O'Q of 140 mg (0.40 mmol) of ethyl (E)-4-[2- 

(5,5-dimethyI-5,6,-dihydro-naphthalen-8(7H)-one-2-yl)ethenyl]-benzoate 
(Compound A2), in 6.0 mL of methylene chloride was added 
dropwisel30 mg (0.12 mL, 1.2 mmol) of 1,3-propanedithiol and 0.17g 
(0.15 mL, 102 minol) of borontrifluoride diethyl etherate. The reaction 
stirred between 0 *C and room temperature for 4 h. The mixture was 
diluted with aqueous sat. potassium carbonate, and extracted with ether 
(2x). The organic phase was washed with brine, dried over MgS04 and 
28 then concentrated in vacuo. The crude product was purified by flash 

27 chromatography (silica, 10 % ethyl acetate in hexane) to afford the title 

28 compound as a soh'd. 



18 
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1 NMR (CDO^): S 129 (s, 6 H), 1.39 (t. / = 7.1 Hz, 3 H), 1.83 (m, 

2 2 H), 2.00 (m, 1 H), 2.09 (m. 1 H), 2.62 (m, 2 H), 2.74 (m, 2 H), 3^7 

3 (m, 2 H), 4.36 (q, 7 = 7.1 Hz, 2 H), 7.09 (d, /= 16.4 Hz, 1 H), 7.20 

4 (d./=16.4Hz,lH),730(d,/ = 8.2Hz,lH),7.41(dd,7=1.9,8.2 

5 Hz, 1 H), 7.55 (d, / = 8.4 Hz, 2 H), 8.00 (d, / = 8.4 Hz, 1 KQ, 8.10 (d, / 

6 = 1.9 Hz, 2 H). 

^ YE)-4-r2-r5.6.7.8-Tetrahvd«v.5.5-dimethyi.5 L r2-n.3,rf^^^^ 

» vDnapbthalenvnethenvtl-hftn^mVaqH ^n^^p^^nrl 

• Employing the same general procedure as for the preparation of (E)- 

10 4-(2-(5,5-dimethyI-5,6,.dihydro-8(7H)-a/ztf-(0-methyI oxime)-naphthalen- 

11 2-yI)ethenyIj-benzoic acid (Compoond A4), 81 mg (0.18 mmol) of ethyl 

12 (E)-4-[2-(5.6,7,8-tetrahydro.5,5-dimethyI-8-(l,3^thian-2-yI)naphthalen- 

13 2-yI)ethenyI] benzoate (Compound A23) was converted into the title 

14 compound (white solid). 

15 IH NMR (CD3OD): S 1.28 (s, 6 H), 1.83 (m, 2 H), 1.93 (m, 1 H), 2.19 

16 (m, 1 H), 2.66 (m, 4 H), 3.22 (m, 2 H), 7.18 (d, / = 16.4 Hz, 1 H), 

17 7.28 (d, / = 16.4 Hz, 1 H), 7.36 (d, / = 8.2 Hz, 1 H), 7.48 (dd, / = 1.9, 

18 8.2 Hz, 1 H), 7.66 (d, / = 8.4 Hz, 2 H), 8.00 (d, / = 8.4 Hz, 1 H), 8.I2' 
« (d, / = 1.9 Hz, 2 H). 

^ Ethyl rE)-4-r2-r5.6.tetrahvd ro-5.5.^imethYl-8-rprQp yTiHp.n-9^^^^^ 
2' naphthalen-2-vlYetheiivT]-he.^rnat^ (Compound A25) 

22 To a degassed solution of 0.36 g (1.3 mmol) of 7-bromo-l(2H)- 

23 (propyIiden-2-yI)-3,4-dihydro-4,4-dimethyhiaphthaIene (Compound A37) 

24 and 0.44 g (2.5 mmol) of ethyl 4-vinylbenzoate in 3.6 g (5.0 mL, 36 

25 mmol) of triethylamine, was added 88 mg (0.29 mmol) of tri-o- 

86 tofylphosphine and then 33 mg (0.15 mmol) of paUadium(II) acetate. 

!7 The reaction was heated at 95 •€ for 4 h. The reaction was 

'■B concentrated in vacuo and purified by flash chromatography (silica, 1% 
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ethyl acetate in hexane) to afford the title compound as an ofl. 
IH NMR (CDa,): 5 1^ (s, 6 H), 139 (t. / = 7.1 ft^ 3 H). 1.64 (t, / 
= 6.8 Hz, 2 H), 1.89 (s, 5 H), 2.00 (s, 3 H), 231 (t, / = 6.8 Ife, 2 H), 
438(q,/=7.1Hz,2H), 7.02 (d,/ = 16.4 Hz, 1 H), 7.18-737 
(overlapping d, 3 H), 7.41 (s, 1 H), 7.58 (d, / = 8.4 Hz, 2 H), 8.02 fd, / 
= 8.4Hz,2H). 

^f2-f5.6>dihYdro-S S^dirnethv^^^ 
vDethenvlVhenzoic arid (Compoimd A26) 

Employing the same general procedure as for the preparation of (E)A^ 
f2.(5,5.dimethyl.5,6,.dihydr^^^ 

yI)ethenyI]ben2oic add (Compound A4) 95 mg (0.25 mmol) of ethyl 
(E)-4.[2-(5,6,7,8-tetrahydro-5,5-dimethyl-8.(methy^ 
yl)naphthaIen.2-yI)ethenylJben2oate (Compound A25) was converted 
into the title compound using 1.0 mL (2.3 mmol) of liOH (2.3 M 
aqueous solution). 

IH NMR (COa^y. 8 126 (s, 6 H), 1.64 (t, / = 6.9 Hz, 2 H), 1.86 (s, 3 
H), 2.02 (s, 3 H), 2.53 (t, / = 6.9 Hz, 2 H), 7.07 (d, / = 16.4 Hz, 1 H), 
7.22-7.38 (overlapping d, 3 H), 7.42 (s, 1 H), 7.58 (d, 7 = 8.4 Hz, 2 H)' 
8.08 (d,/= 8.4 Hz, 2 H). 

Ethyl rE>-4-f2-r7.8-dihYrfr o-5.5-dimftthY^-8/'7m-f pi»nfYiirf^»-^-yi) 
naphthalen-2-vnethenvI]-tv>^Tr>»if^ (Componnd A27) 

To a degassed solution of 030 g (0.98 mmol) of 7-bromo-l(2H)- 
(pentyIiden-3.yI)3,4-dihydro^,4-dime%InaphthaIene (Compoimd A38) 
and 0.17 g (0.97 mmol) of ethyl 4-vinyIbenzoate in 3.63 g (5.0 mL, 36 
mmol) of triethylamine, was added 61 mg (0.2 mmol) of tri-o- 
tolylphosphine and then 23 mg (0.10 mmol) of paUadium(II) acetate. 
The reaction was heated at 95 for 6.5 h. The reaction was then 
concentrated in vacuo and purified by flash chromatography (silica, 100 
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1 % hexane) followed by reoystallization from ethanol gave the title 

2 compound as white ciystals. 

9 lHNMR(CX>a3):5 1.05(t,/=7JHz,3H), 1.20(t,/ = 7.4Hz,3 

4 H), 1.24 (s, 6 H), 139 (t, / = 7.2 Hz, 3 H), 1.65 (t, / = 6.8 Hz, 2 H), 

5 2.22 (q, 7 = 7.4 Hz, 2 H), 2.31 (q, / = 7.3 Hz, 2 H), 2.50 (t, / = 6.8 

6 Hz, 2 H), 4.36 (q, / = 7.2 Hz, 2 H). 7.04 (d, / = 16.4 Hz, 1 H), 7.17 (d, 

7 / = 16.4 Hz, 1 H), 7.28 (d, / = 8.1 Hz, 1 H), 7J4 (d, / = 8.1 Hz, 1 H), 

8 739 (s, 1 H), 7.53 (d, / = 8.4 Hz, 2 H), 8.00 (d, / = 8.4 Hz, 2 H). 

0 (E)-4-[2-(5.6-DAvdro-5.5-dimethvI-8(7H)-(pentvlideii-3-vl)-DaphthaIen-2- 

10 vl)etheDvl]benzoic add (Compound A28) 

11 Employing the same general procedure as for the preparation of (E)- 

12 4-[2-(5,5-dimethyl-5,6,-dil^rdro-8(7H)-antf-(0-methyl oxmie)-naphthalen- 

13 2-yl)ethenyl]7benzoic add (Compound A4), 150 mg (0.37 mmol) of ethyl 

14 (E)-4-[2-(5,6,-dihydro-5,5-dimethyI-8(7H)-(pentyliden-3-yl)-naphthalen-2- 

15 yl)ethenyl]-benzoate (Compound A27) was converted into the title 

16 compound (white solid). 

17 iH NMR (Acetone-Dg): 5 1.08 (t, / = 7.4 Hz, 3 H), 1.22 (t, / = 7.1 Hz, 

18 3 H), 1.26 (s, 6 H), 1.67 (t, / = 7.1 Hz, 3 H), 2.25 (q, / = 7.4 Hz, 2 H), 
i» 2.33 (q, / = 7.4 Hz, 2 H), 2.50 (t, / = 7.1 Hz, 2 H), 7.13 (d, 7 = 16.4 

20 Hz, 1 H), 7.28 (d, / = 16.4 Hz, 1 H), 7J1 (d, 7 = 8.6 Hz, 1 H), 7.34 (m, 

21 2 H), 7.62 (d, / = 8.4 Hz, 2 H), 7.98 (d, / = 8.4 Hz, 2 H). 

22 Ethvl (E)-4-[2-(5.6-dihvdro-5.5-dimethvl-8(7H)- 

23 (cvclohexvlidenvl)naphthalen-2-vl)ethenvl]-benzoate (Compound A29) 

24 To a degassed solution of 0.40 g (U mmol) of 7-broino-l(2H)- 

25 ((yclohexylidenyl)-3,4-dihydro-4,4-dimetl^lnaphthalene (Compound A39) 

26 and 0.62 g (3 J mmol) of ethyl 4-vinyIbenzoate in 2.2 g (3;0 mL, 22 

27 mmol) of triethylamine, was added 76 mg (0.25 mmol) of tri-o- 

28 tolylphosphine and then 29 mg (0.13 mmol) of palladium(II) acetate. 
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1 The reaction was heated at 95 *C for 2.5 h. The reaction was then 

2 concentrated in vacuo and purified by flash chromatography (silica, 1 % 

3 ethyl acetate in hexane) to afford the title compound as a white solid. 

4 iH NMR (Cbaj): 5 1.27(5, 6 H), lJ9(t,/= 7.1 Hz, 3 H), 1.62 (m, 8 

5 H), 2.34 (m, 2 H), 2.53 (m, 4 H), 437 (q, / = 7.1 Hz, 2 H), 7.04 (d, / 

6 = 16.4 Hz, 1 H), 7.18 (d, / = 16.4 Hz, 1 H), 7.28-735 (m, 3H), 7.53 (d, 

7 /=8.4Hz,2H),8.01(d,/=8.4Hz,2H). 

8 <1E)-4-[2-(5.6-Dihvdro-5.5-dimethid-8(7H>-(cvclohexWidenvl)-naphthalen- 

9 2-vl)ethenvl]benzoic acid (Compound A31) 

10 Eoiploying the same general procedure as for the preparation of (E)-4- 

11 [2-(5,5-dimethyI-5,6,-dii[Q?^dro-8(7H)-imtf-(0-methyl ox^e)-naphthalen-2- 

12 yI)etheityI]-benzoic acid (Compound A4), 280 mg (0.68 mmol) of ethyl 

13 (E)-4-[2-(5,6-dihydro-5,5-dimethyl-8(7H)-(cyclohexylidenyI)-naphthaIen- 

14 2-yI)ethenyI]benzoate (Compound A29) was converted into the title 

15 compound using 2.0 mL (3.3 mmol) of LiOH (1.7 M aqueous solution). 

16 1h NMR (DMSO-Dg): S 1.28 (s, 6 H), 1.59^1.67 (m, 8 H), 236 (m, 2 

17 H), 2.48-2;57 (m, 4 H), 7.08 (d, / = 163 Hz, 1 H), 7.20-738 (m, 5 H), 

18 7.59 (d,/= 8.4 Hz, 1 H), 8.09 (d,/= 8.4 Hz, 2 H). 

19 (+/-) Ethvl (E)-4-[2-(5.6.7.8-tetrahvdro-5.5-dimethvl-8-hvdroxv-8- 

20 rmethvlcarbethoxv)naphthalen-2-vnethenvl] benzoate (Compound A32) 

21 To a refluxing solution of 0.75 g ( 11.5 mmol) of granular zinc in 5.0 

22 mL of benzene was added a solution of etl^l (E)-4-[2-(5,5-dimethyl- 

23 5,6,-dihydro-naphthalen-8(7H)-one-2-yl)ethenyl]-benzoate (Compound 

24 A2) in 5.0 mL of benzene followed by 0.27 g (0.18 mmol) of ethyl 
2s bromoacetate. The resulting mixture was refiuxed for 24 h. The 

26 reaction was cooled, filtered through celite. The filtrate was washed 

27 with 10% HQ, sat. aqueous NaHCb3 and brine. The organic phase 

28 was dried over Na2S04 and concentrated in vacuo. The crude material 
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1 was purified by flash chromatography (silica, 10 % ethyl acetate in 

2 hexane) to afford the title compound as a white solid. 

3 iH NMR (CDOj): 8 1.30 (t, / = 7.1 Hz, 3 H), 1 JO ( 3H, s), 13A ( 3H, 

4 s), 1.41(t,/ = 7.1Hz,3H), 1.77(m, 2H).2.09(m,2H),2.82(d./ = 

5 3.4Hz,2H), 4.17 (s,lH), 4.22 (q, 7=7.1 Hz. 2 H), 438(q,/=7.1 

6 Hz,2H), 7.10 (d,/= 16.4 Hz, IH), 7.20 (d,/= 16.4 Hz, IH), 7.31 

7 (d, / = 8.2 Hz, 1 H), 7.42 (dd, / = 1.9, 8.2 Hz, 1 H), 7.55 (d, / = 8.4 

8 Hz,2H),7.75(d,/= 1.9 Hz, IH), 8.03 (d, 7=8.4 Hz, 2 H). 
» Ethvl (E)-4-[2-(5.6-dihvHrft-S S-dimftthyl-R^ 

10 (methvIcarbethoxv)naphthalen-2-vl)etiienyl3benzoate (Componnd A33a) 

11 Ethvl(E)-4-[2-(5.6-dihydro- S.^-rfimeth y1-«(7H) -/>>t/> 

12 (carbethoxvmethvlidenvl)-naphthalen-2-vl)ethenvl]benzoate (Compound 

13 A33b) 

14 To a solution of 0.25 g (0.57 mmol) of (+/-)ethyl (E)-4-[2-(5,6,7,8- 

15 tetrahydro-5,5-dimethyl-8-hydro3cy-8-(methylcarbethoxy)-naphthalen-2- 

16 yl)ethenyl] benzoate (Compdiind A32) in 11.0 mL of benzene was 

17 addedl.O g (4.2 mmol) of Burgess reagent and the resulting solution 

18 was heated at 55''C for 30 min. The reaction was cooled and 

19 concentrated in vacuo^ the residue was diluted with water and extracted 

20 with iEtOAc (2 x), the organic layers were washed with brine, dried over 

21 Na2S04, and concentrated in vacuo to afford a mixture of title 

22 compounds in a 3:1 ratio (endo: exo). The title compounds were 

.23 seperated by flash chromatography (silica, 5 % ethyl acetate in hexane) 

24 to afford the pure isomers as white solids. 

25 Compound A33a: 

26 IH NMR (CDQj) 8 1.21 (t, 7 = 7.1 Hz, 3 H), 130 (s, 6H), 1.41 (t, 7 = 

27 7.1 Hz, 3 H), Z82 (d, 7 = 4J Hz, 2 H), 3.51 (s, 2 H), 4.12 (q, 7 = 7.1 

28 Hz, 2 H), 4.38 (q, 7 = 7.1 Hz, 2 H), 5.97 (t, 7 = 4.3 Hz, 1 H), 7.05 
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1- (d,/= 16.4 Hz, IH), 7.19(4/= 16.4 Hz, 1 H), 730-7.40 (m, 3 H), 

2 7.47 (d,/=8.4Hz,2H), 8.03(d,/=8.4Hz,2H). 

3 4.4-Dimethvl-7-bromo»l.phenvithiQ. 3.4-dihvdrQnaphthalene (ComjM^^ 

4 A35) 

5 To a stirred solution of 4,4-dimethyl-7-bromo-3,4-dihydronaphtlialen- 

6 l(2H)one (Compound G, 1.48 g, 5.9 nunol), titanium tetrachloride (1.09 

7 g, 5.7 mmol) and THF (10 mL) was added a mixture of thiophenol 

8 (660 mg, 6 mmol), trietl^riamine (1.16 g, lU mmol) and THF (20 mL) 
8 via an addition fonnel at ambient temperature. The mature was stirred 

10 for 5 h, and water (10 mL) was added, extracted with ether (3 X 50 

11 mL). The combined organic layer was washed successively with water 

12 (10 mL), 10% NaHCX)3 (10 mL) and brine (10 mL). Thd organic layer 

13 was dried (MgSO^) and the solvent distilled off at reduced pressure. 

14 After silicagel chromatography the title compound was obtained as a 

15 colorless oil . 

16 iH NMR (CDa3) : S 1.31 (s, 6H), 2.39 (d, J = 4.9 Hz, 2H), 6.54 (t, J 

17 = 4.9 Hz, IH), 7.10-7 J5 (m, 7H), 7.78 (d, J = 2.0 Hz, IH). 

18 2-Bromo-5 - d-dihyd ro -5.5-dimethvl-8-(ethvlthio Vnaphthalene 

19 (Compound A36) 

20 To a solution of 1.03 g (4.1 mmol) of 7-bromo-3,4-dihydro-4,4- 

21 dimethylnaphthaIen-l(2H)-one (Compound G) in 30.0 mL of 

22 tetrahydrofuran, was added dropwise 0.49 g (0.85 mL, 7.8 mmol) of 

23 titaniumtetrachloride and the resulting solution stirred for 10 min. A 

24 solution of 35 mg (0 JO mL, 6.7 mmol) of ethanethiol and 0.54 g (0.75 

25 mL, 5.4 nmiol) of triethylamine in 10.0 mL of tetrahydrofuran was 

26 added and the reaction stirred at room temperature for 13 h. The 

27 mixture was diluted with water and extracted with ether (2x). The 

28 organic phase was washed with brine, dried over Na2^0^ and then 
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1 concentrated in vacuo. Purification by flash chromatography (silica, 100 

2 % hexane) gave the title compound as an oil. 

3 1H NMR (0003): 5 1.25 (s, 6 H), 1.27 (t, / =7.1 Hz, 3 H), 2,29 (d, J 

4 = 4.8 Hz, 2 H), 2.70 (q, / = 7.1 Hz, 2 H), 6.23 (t, / = 4.8 Hz, 1 H), 

5 7.17 (d, 7 = 8.2 Hz, 1 H), 7J5 (dd, / = 1.7, 8^ Hz, 1 H), 7.85 (d, / = 

6 2.1Hz,2H). 

7 7-Bromo-l(2H^-(propyHden-2-vn-3, 4.dihyHrn- 4.4-dimethYlpaphtha] 
$ (Compound A37) 

9 To a slurry of titam'um trichloride (5 g, 32 mmol) in DME (80 niL) 

10 was added lithium wire in nnall portions (0.7 g, 100 mmol) under argon 

11 atmosphere. The mixture was refiuxed for 1 h, cooled to ambient 

12 temperature and a solution of acetone (928 m^ 16 mniol) and 7-bromo- 

13 3,4-dihydro-4,4-dimethylnaphthaIen-l(2KQ-one (Componnd G, 1.0 g, 

14 3.96 mmol) in 20 mL of DME was added. The resultant mixture was 

15 refiuxed for 16 h under argon atmosphere. The reaction mixture was 

16 then cooled to ambient temperature and diluted with hexane (100 mL), 

17 And thereafter filtered through a pad of florisil. The filtrate was 

18 concentrated under reduced pressure and purified by flash 

19 chromatography (silica, 100% hexane) to afibrd the title compound as a 

20 colorless oil. 

21 iH NMR {COa^y. S 1.19 (s, 6H), 1.56 (t, J = 6.9Hz, 2H), 1.81 (s, 3H), 

22 1.94 (s, 3H), 2.44 (t, J = 7.1Hz, 2H), 7.11 (d, J = 83Hz, IH), 7.23 (dd, 

23 J = 2.1, 8.4Hz. IH), 7.35 (d, J = 2.1Hz, IIQ. 

24 7-Bromo-l(2H)-(pentyliden-2-yl)-3.4-dihvdro-4.4-dimethvlnaphthaIene 

25 (Compound ASS) 

26 Emplo)dng the same general procedure as for the preparation 

27 of 7-bromo-l(2H)-(propyIiden-2-yl)-3,4^Klihydro-4,4- 

28 dimethylnaphthalene (Compound A37), 1.0 g (3.97 nmiol) of 4,4- 
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1 dimethyI-7-bromo-3,4-dihydroiiaphthaIeii-l(2(Qone (Componnd G) 

2 was converted into the title compound using 137 g (15.9 mmol) of 

3 3-pentanone, 1.92 g (277 mmol) of lithium and 12.2 g (79.4 mmol) 

4 of titanium trichloride. 

5 iHNMR (CDa3): 8 1.04 (t, J = 7.5 Hz, 3H), 1.14 (t, J = 7.5 Hz^ 

6 3H), 1.23(8, 6H), 1.63(t,J = 7.1Hz, 2H).2.21(q,J = 7.5H^ 

7 2H), 2.29 (q, J = 7.5 Hz, 2H), 2.49 (t, J = 7.1 Hz, 21^, 7.15 (d, J 

8 = 8.3 Hz, IH), 7.29 (dd, J = 2.2 . 83 Hz, IH), 736 (d, J = 2.2 
• Hz, IH). 

10 7-Bromo-l(2H)-(cvclohexvlideDvl)-3.4-dihvdro-4.4- 

11 dimethvlnaphthalene (Compoimd A39) 

12 Employing the same general procedure as for the preparation 

13 of 7-bromo-l(2H)-(propyIiden-2-yl)-3,4-dihydro-4,4- 

14 dimethylnaphthalene (Compound AST), 1.0 g (3.97 mmol) of 4,4- 

15 dimethyI-7-bromo-3,4-dihydronaphthalen-l(2H)one (Compound G) 

16 was converted into the title compound using 1.56 g (15.9 mmol) of 

17 cyclohexanone, 1.92 g (277 mmol) of lithium and 12.2 g (79.4 

18 mmol) of titanium trichloride. 

M iHMR (0003): S 1.23 (s, 6H), 1.50-1.65 (m, 8H), 2.33 (br s, 

20 2H), 2.45 (t, J = 5SBz,2H), 2.50 (t, J = 7.1 Hz, 2H), 7.15 (d, J 

21 =8.1Hz, lH),7.26(d,J = 1.6Hz,lH),7.29(brs,lH). 

22 Ethvl-6-[5.6.7.8-tetrabv dro-5.5-dwTi ethvl-naphth-7-vl]naphth-2-oate 

23 (Compound Bl) 

24 To a degassed solution of 0.39 g (1.4 mmol) of ethyl 6-bromo- 

25 naphthaIene-2-carboxylate and 3.0 mL of toluene, was added 

26 sequentially 49 mg (0.04 nunol) of tetrakis-triphenylphosphine 

27 palladium(O), 2.0 mL (2.0 mmol) of IM sodium carbonate and 

28 then a solution of 0.32 g (1.6 mmol) of (5,6,7,8-tetraltydro-5,5- 



aUeigan:pat:600QSpajipl 



17186 Allergan 



126 



1 dimethyInaphtli-2-yI)boromc add (Compoand Bl3) in 3.0 mL of 

2 MeOH. The reaction was heated at 80 *C for 6 h» diluted with 2N 

3 Na2C03, and extracted with CH2CI2 organic layer was 

4 washed with brine, dried over MgSO^, and concentrated in vacuo 
s to give an oil. Flash chromatography (silica, 5 % ethyl acetate in 

6 hexane) of the crude material gave the title compound as a white 

7 solid. 

8 lHNMR(CDa3, 300MHz): 6_1 J5 (s, 6 H), 1.46 ( t. / = 7.1 

9 Hz, 3 H), 1.70-1.74 (m, 2 H). 1.85-1.89 (m, 2 H), 2.88 (t, / = 6.3 
10 Hz,2H), 4.46(q,/=7.1Hz,2H), 7.42(d,7= 1.7Hz, IH), 

ti 7.46 (d, / = 8.2 Hz, 1 H), 7.52 (dd, / = 2.0, 8.2 Hz, 1 H), 7.80 

12 (dd,/=1.7, 84 Hz, I H), 7.91 (d, 7= 8.6 Hz, IH), ^.00 (d,/ = 

13 8J Hz, 1 H), 8.05 (s, 1 H), 8.08 (dd, / = 1.7, 8.6 Hz, 1 H), 8.61 

14 (s, 1 H). 

15 6-[5.6.7.8-Tetrahydro-5.5-dimethyl-naphth-7-yl]-2-naphthoic add 

16 (Compound B2) 

17 ^ploying the same general procedure as for the preparation of 

18 (E)-4-[2-(5,6,7,8-tetrahydro-5,5-dimethyI-8-anti-(0-methyl oxime)- 

19 naphthaIen-2-yl)ethenyIj-beiizoic add (C!omponnd A4) 50 mg (0.14 

20 mmol) of ethyl-6-[5,6,7,8-tetrahydro-5,5-dimethyl-naphth-7-. 

21 yI]naphth-2-oate (Compoand Bl) was converted into the title 

22 compound (white solid). 

23 1h NMR (DMSO.D6, 300 MHz): 6_1.28 (s, 6 H), 1.64-1.68 (m, 2 

24 H), 1.77-1.80 (m, 2 H), 2.82 (t, / = 5.7 Hz, 2 H), 7.48 (d,/ = 8.4 

25 Hz, 1 H), 7.49 (s, 1 H), 7.58 (d, / = 8.4 Hz, 1 H), 7.89 (dd / = 1.8, 

26 8.7 Hz, 1 H), 7.98 (dd, / = 1.8, 8.7 Hz, 1 H), 8.05 (d, / = 8.7 Hz, 1 

27 H), 8.17 (d, 7=8.7 Hz, IH), 8.24 (s,lH), 8.60 (s, 1 H). 

28 Ethvl-6-[5.6.7.8-tetrahydro-5J-dii^ethvI-8-(t-butvldimethvlsilvloxv)- 
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1 naphth-7-vl]Daphth-2-oate (Gomponnd B3) 

2 To a degassed solution of 722 mg (2.6 mmol) of etiyl 6-bromo- 

3 naphthalenecarbox/late in 6.0 mL of toluene* was added 

4 sequentially 90 mg (0.08 mmol) of tetrakis-triphei^lphospihine 

5 palladium (0), 5.0 mL (10.0 mmol) of 2M sodium carbonate, and i 
e solution of 1.018 g (3.1 mmol) of (5,6,7,8-tetrahydro-5,5-dimethyl- 

7 8-(t-butyIdimetliyIsilylo3y)naphth-2-yI)boromc add (Cdmponnd 

8 B14) in 3.0 mL of MeOH. The reaction was heated at 90 °C for 

9 15 h. The reaction was diluted with 2N Na2003, and extracted 

10 with CH2CI2 (2 x), the organic layer was washed with brine, dried 

11 over MgS04, and concentrated m vacuo to give an ofl. The 

12 crude product was purified flash chromatography (silica, 5 % ethyl 

13 acetate in hexane) to afford the title compound as a white solid. 

14 iHNMR (0503, 300 MHz): 6_0.20 (s, 3 H), 0.23 (s, 3 H), 1.00 (s, 

15 9 H), 1.35 (s, 6 H), 1.46 (t, 3 H, / = 7.1 Hz), 1.70-2.10 (m, 4 H), 4.46 

16 (q, / = 7.1 Hz, 2H), 4.83 (dd, / = 4.7, 8.2 Hz, 1 H), 7.42 (d, / = 

17 8.2 Hz, 1 H), 7.60 (dd, / = 2.1, 8.2 Hz, 1 H), 7.79-7.82 (overlapping 

18 s, dd, 2 H), 7.90 (d, / = 8.7 Hz, 1 H), 7.92 (d, / = 8.5 Hz, 1 H), 

19 8.06-8.1 (overlapping s, dd, 2 H), 8.62 (s, 1 H). 

20 Ethvl-6-[5.6.7.8-tetrahv dro-5,5-din iethvl-8-hvdroxv-naphth-7- 

21 vI]naphth-2-oate (Compoiind B4) 

22 To a cold (0 °C) solution of 1.15 g (2.4 mmol) of etbyl-6- 

23 [5,6,7,8-tetrahydro-5,5-dimethyl-8-(t-butyldimethylsiIyloiy)-naphth- 
. 24 7-yl]naphth-2-oate 

25 (Cbmpound B3) in 12.0 mL of tetrahydrofuran, was added 3.1 g 

26 (12.0 mL, 12.0 mmol, 1.0 M in tetrahydrofuran) of 

27 tetrabutylammoniumfluoride and the mixture was stirred between 

28 0 "C to room temperature for 3 h. The reaction was then 
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1 concentrated in vacuo, diluted with water, and extracted with ether 

2 (2 x), the organic layer was washed with biine, dried over MgS04, 

3 and concentrated in vacuo to give a solid. Reciystallization from 

4 ethanol gave the title compound as a white solid. 

5 1h NMR (CDa3, 300 MHz): b_l32 (is, 3 H), 139 (s, 3 H), 1.46 ( 

6 X.J = 7.1 Hz, 3 H), 1.156-1.72 (m, 1 H), 1.90-1.99 (m, 3 H), 2.11-^20 

7 (m,lH), 4.47(q,/= 7.1Hz,2H), 4.85 (t, / = 5.0 Hz, IH), 7.46 

8 (d,/== 8.2 Hz, 1 H), 7.63 (dd, 7 =2.1, 8.2 Hz, IH), 7.81 (dd,/ = 
0 1.8, 8.7 Hz, 1 H), 7.83 (s, 1 H), 7.90 (d, / = 8.5 Hz, 1 H), 8.00 (d, / 

10 = 8.7 Hz, 1 H), 8.08 (overlapping, 2 H), 8.61 (s, 1 H). 

11 6-[5.6.7.8-Tetrahydro-5.5-dimethvl-8-hvdroxv-naphth-7-yl]-2- 

12 naphthoic add 

13 (Compound B5) 

14 Employing the same general procedure as for the preparation 

15 of (E)-4-[2-(5,6,7,8-tetrahydro-5,5-dimetlqrl-8-fl/ift*-(0-methyl 

16 oxime)-naphthalen-2-yl)etheir^I]-benzoic add (Gomponnd A4) 124 

17 mg (0.33 mmol) of etlQrl-6-[5,6,7,8-tetraItydro-5,5-dimethyl-8- 

18 hydroxy-naphth-7-yl]naphth-2-oate (Compound B4) was converted 

19 into the title compound. 

20 »H NMR (DMSO, 300 MHz): 6_1.25 (s, 3 H), 1.29 (s, 3 H), 1J8- 

21 1.99 (m, 4 H), 3.33 (s, 1 H), 4.62 (s,lH), 7.47 (d,/= 8.2 Hz, 1 

22 H), 7.66 (dd, / = ZO, 8.2 Hz, 1 H), 7.85 (d, /= 2.0 Hz, 1 H), 7.89 

23 (dd / = 1.7, 8.6 Hz, 1 H), 8.00 (dd, / = 1.7, 8.6 Hz, 1 H), 8.07 (d, 

24 /= 8.6 Hz, 1 H), 8.19 (d, / = 8.6 Hz, 1 H), 8.24 (s, 1 H), 8.61 (s, 

25 IH). 

26 Ethvl -6-[5.5-dimethvl-5.6-dihvdro-naphthlen-8(7H)-one-2-vl]- 

27 naphthalen-2-oate (Compound B6) 

28 To a solution of 101 mg (0.27 mmol) of etl^l-6-[5,6,7,8- 
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1 tetrahydro-5,5-dimethyI-8-hydroxy-naphth-7-yI]naphth-2-oate 

2 (Compound B4) in 1.5 mL of methylene chloride was added 50 

3 mg (0.43 mmol) of N-methyhnQxpholine N-onde and 6.0 mg 

4 (0.017 mmol) of tetrapropylammonium perruthenate(VII). The 
s reaction was stirred at room temperature , for 3 h, diluted with 

6 water, and extracted with CH2O2 (2 x). The combined organic 

7 layer was washed with brine, dried over Mg^O^j and concentrated 

8 in vacuo to give a foam. The title compound was obtained as a 

9 white solid after flash chromatography (silica, 10% etl^l acetate in 

10 hexane). 

ti »H NMR (CDa3, 300 MHz): 6 1.46 (overlapping s,.6 H), 1.46 
12 (overlapping t,/ = 7.1 Hz, 3 H), 2.09 (t,/ = 6.4 Hz, 2 H), 2.80 
t3 (t, / = 6.4 Hz, 2 H), 4.46 (q, / = 7.1 Hz, 2H), 7J:7 (d, / = 8.2 

14 Hz, 1 H), 7.83 (dd, / = 1.8, 8.6 Hz, 1 H), 7.90-7.95 (several d, 2 

15 H), 8.04 (d, / = 8.4 Hz, 1 H), 8.09-8.12 (overlapping s, dd, 2 H), 

16 8.41 (d, / = 2.1 Hz, 1 H), 8.63 (s, 1 H). 

17 6-[5.5-Dimethyl-5.6-dihvdro~naphthlen-8(7H)-one-2-vl]-2- . 

18 naphthoic acid (Compound B7) 

19 Employing the same general procedure as for the preparation 

20 of (E)-4-[2-(5,6,7,8-tetrahydro-5,5-dimetltyl-8-anti-(0-metltyl 

21 oxime)-2-naphthalenyl)etheiQrl]-benzoic acid (Componnd A4) 58 

22 mg (0.16 mmol) of ethyl -6-[5,5-dimetltyl-5,6-dihydro~naphthlen- 

23 8(7H)-one-2-yI]-naphthaIen-2-oate (Componnd B6) was converted 

24 into the title compound (white solid). 

25 »H NMR (DMSO-D6, 300 MHz): 6_1.41 (s, 6 H), _201 (t, / = 

26 6.7Hz,2H), 274(t,/= 6.7Hz,2H), 7.71 (d,/= 8.3Hz, 1 

27 H), 7.93 (dd, / = L8, 8.7 Hz, 1 H), 7.93 (dd, / = 1.7, 8.5 Hz, 1 

28 H), 8.07-8.13 (several d, 3 H), 8.22 (d, / = 8.5 Hz, 1 H), 8.26 (s, 2 
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1 H), 8.32 (s, 1 H), 8.63 (s, 1 H). 

2 Ethvl-6-[5.6.7.8-tetra hYdro-5,5- dimethvl-8-fmethoxvmethvloxv)- 

3 naphth-7-vl]naphth-2-oate (Componnd B8) 

4 To a cold (0 °C) solution of 130 mg (035 mmol) of ethyl-6- 

5 [5,6J,8-tetrahydro-5^-dimethyl-8-(liydrojy)-iiaphth-7-yl]iiaphtIi-2- 

6 oate (Compound B4) in 2.0 mL of methylene chloride was added 

7 50 mg (0.15 mL, 0.86 mmol) of Hunig's base, followed by 0^1 g 

8 (0.20 mL, 2.6 mmol) chloromethyl metl^l ether was added and 
0 stirred at room temperature for 14 h. About 500 mgs of t- 

10 butylammonium iodide was then added and the reaction was 

11 warmed to 35 **C for one additional hour. The reaction was 

12 diluted with water, and extracted with CH2Q2 (2 x). The 

13 combined organic layer was washed with brine, dried over 

14 MgSO^, and concentrated in vacuo to give an oil. The title 

15 compound was obtained as an oil after flash chromatography 

16 (silica, 10 % ethyl acetate). 

17 »H NMR (CDQj, 300 MHz): 6.131 (s, 3 H), 1.40 (s, 3 H), 1.46 

18 (t, 3 H, / = 7.1 Hz), 1.60 (m, 1 H), 1.98-2.08 (m, 3 H), 3.51 (s, 3 

19 H), 4.46 (q, / = 7.1 Hz, 2H), 4.75 (t, / = 4.5 Hz, 1 H), 4.83 (d, / 

20 = 7.0Hz, 1 H), 4.93 (d, / = 7.0 Hk, 1 H), 7.48 (d, / = 8.2 Hz, 

21 1 H), 7.63 (dd, / = 2.0, 8.2 Hz, 1 H), 7.70 (d, / = 2.0 Hz, 1 H), 

22 7.80 (dd / = 1.7, 8.5 Hz, 1 H), 7.92 (d, / = 8.5 Hz, 1 H), 8.01 (d, / 

23 = 8.7 Hz, 1 H), 8.05 (s, 1 H), 8.09 (dd, / = 1.7, 8.7 Hz, 1 H), 

24 8.62 (s, 1 H). 

25 6-[5.6.7.8-Tetrahvdro-5.5-dimethvl-8-(methoxvmethvloxv)-naphtb-7- 

26 vl]-2-naphthoic acid (Compound B9) 

27 Employing the same general procedure as for the preparation 

28 of (E)-4-[2-(5,6,7,8-tetrahydro-5,5-dimethyl-8-anti-(0-methyl 



aO igaii:pat>600Q5pa.apl 



17186 Allei^ 



131 

1 oxime)-2-naphthaleiiyl)ethenyI]-benzoic acid (Compoand A4) 90 

2 mg (0.21 mmol) of ethyI-6-[5,6,7,8-tetrahydro-5,5-dimethyl-8- 

3 (metho3^etl^Ioxy)-]iaphth-7-yI]iiaphth-2-oate (Componnd B8) 

4 was converted into the title compound (white solid). 

5 »H NMR (DMSO-D6, 300 MHz): 5_1.26 (s, 3 H), 1.34 (s, 3 H), 

6 1J9 (m, 1 H), 1.98 (m, 3 H), 334 (s, 3 H), 4.68 (t, / = 4.5 Hz, 1 

7 H),4.78(d,/= 6.8 Hz, 1 H), 4.84 (d, / = 6.8 Hz, 1 H), 734 (d, 
a / = 8.3 Hz, 1 H). 7.70 (s, 1 H), 7.73 (d, / = 83 Hz, 1 H), 7.90 (d 
» /=8.7Hz,lH),8.00(d,/=8.7Hz,lH),8.09(d,/=8.7Hz,l 
to H), 8.21 (d, / = 8.7 Hz, 1 H), 8.24(s, 1 H) , 8.63 (s, 1 H). 

11 Ethvl-6-[5.6.7.8rtetrahvdro-5.5-dimethvI-8-(0-acetvi}-naphth-7- 

12 vl]Daphth-2-oate 

13 (Compound BIO) 

14 To a cold (0 ^C) solution of 61 mg (0.16 mmol) of etinrl-6- 

15 [5,6,7,8-tetraItydro-5,5-<Iimetl54-^l^drojy)-naphth-7-yl]naphth-2-oate 

16 (Compound B4) in 2.0 mL of methylene chloride stirring under 

17 argon at 0"C was added successive^, 76 mg (0.10 mt^ 0.72 mmol) of 

18 triethylamine, 0.22 g (0.20 mL, 2.8 mmol) of acetylchloride and 7 

19 mg (0.06 mmol) of 4-dimethyIaminopyridine. The reaction was 

20 stirred at room temperature for 90 h, diluted with water, and 

21 extracted with CH2O2 (2 x)* combined organic layer was washed 

22 with brine, dried over MgSO^, and concentrated in vacuo . The title 

23 compound was obtained as an oil after flash chromatography using 

24 silica, 10 % ethyl acetate in hexane. 

25 NMR (CDOj, 300 MHz): 6_131 (s, 3 H), 1.43 (s, 3 H), 1.46 

26 (t, 3 H, / = 7.1 Hz), 1.67-1.72 (m, 1 H), 1.94-2.12 (m, 3 H), 2.12 

27 (s,3H), 4.46 (q,7 = 7.1 Hz, 2H), 6.06 (t,/= 4.4 Hz, 1 H), 7.51 

28 (d,/= 8.2Hz. IH), 7.61 (d, 7 = 2.0 Hz, IH). 7.67 (dd,/= 2.0, 
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t 8.2 Hz, 1 H), 7.78 (dd / = 1.7, 8.6 Hz. 1 H), 7.93 (d, / = 8,6 Hz, 1 

2 H), 8.01 (d, / = 8.7 Hz, 1 H), 8.04 (s, 1 H), 8;09 (dd. / = 1.7, 8.7 

3 Hz, 1 H), 8.62 (s, 1 H). 

4 Ethvl -6-[5.5-rfifnethv1-5.6-davdro--naphthlen-8(7H)-tfiitf-(0- 

5 mf>thYl-nTim e)-2vl]-naphthalen-2-oate (Compoand Bll) 

6 A solution of 29 mg (0.08 mmol) of ethyl-6-[54-dimethyl-5,6- 
7. dihydro-iiaphthalen-8(7H) -one-2-yl]-iiaphthaleii-2-oate 

8 (Compoimd B6), 27 mg (032 mmol) of methp^lamine 

9 hydrochloride and 68 mg (0.5 mmol) of sodimn acetate in 2.0 mL 

10 of EtOH and 0.5 mL of tetrahydrofiiran was heated at 50 for 

11 18 h. An additional 27 mg of methojgrlamine hydrochloride was 

12 added and the mixture refluxed for another 2 h. The mixture was 

13 concentrated in vacuo. The residue was diluted with water and 

14 extracted with EtOAc (2 x). The combined organic layer was dried 

15 over Mg^04, and concentrated in vacuo,. Hash chromatograplty 

16 (silica, 5 % ethyl acetate in hexanes) of the crude material 

17 afforded the title compound as a solid. 

18 1h NMR (CDa3, 300 MHz): 6_1.35 (s, 6 H), _1.46 (t, / = 7.1 Hz, 

19 3 H), 1.77 ( t, / = 6.9 Hz, 2 H), 2.84 (t, / = 6.9 Hz, 2 H), 4.04 (s, 

20 3H), 4.45 (q,/= 7.1 Hz, 2H), 7.47 (d,/= 8.2 Hz, 11^, 7.67 (dd, 

21 / = Zl, 8.2 Hz, 1 H), 7.83 (dd,/ = 1.8, 8.5 Hz, 1 H), 7.94 (d, / = 

22 8.6 Hz, 1 H), 8.02 (d, / = 8.6 Hz, 1 H), 8.07-8.10 (m, 2 H), 834 (d, 

23 / = 2.1 Hz, 1 Ji), 8.63 (s, 1 H). 

24 6-[5.5-Dimethvl-5.6-dihvdro--naphthIen-8(7H)-img-(0-methv l-nYime)- 

25 2-vl]-2-naphthoic acid (Compound B12) 

26 Employing the same genera] procedure as for the preparation of 

27 (E)-4-[2-(5,6,7,8-tetrahydro-5,5-dimethyl-8-anti-(0-metltybxime)-2- 

28 naphthalenyl)ethenyl]-benzoic acid (Compound A4) 22 mg (0.06 
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1 mmol) of ethyl -6-[5,5-dimethyI-5,6-dihydro~naphtlilen-8(7H)-<»itf- 

2 (0-methyI-oxime)-2-ylj-iiaphthaIeii-2-oate (Componnd Bll) was 

3 converted into the title compound (white solid). 

4 »HNMR(DMSO-D6, 300 MHz): 6_1.30 (s. 6 H), _1.72 (t, / = 

5 6.9 Hz, 3 H), 2.78 ( t, 7=6.9 Hz, 2 H), 3.97 (s, 3 H), 7.59 (d, / 

6 = 8.2 Hz, IH), 7.81 (dd, 7 = 2.1, 8.2 Hz, IH), 7.89 (dd,/= 1.8, 

7 8.7 Hz, 1 H), 8.00 (dd, 7 = 1.7, 8.6 Hz, 1 H), 8.12 (d, 7 = 8.7 Hz, 

8 IH), 8.21-8.26 (m, 3 H), 8.64 (s,lH). 

9 (5.6.7.8-Tetrahvdro-5.5-dimethvInaphth-2-i^)boromc add 

10 (Compound B13) 

11 To a cold (-78 °C) solution of 2.02 g (8.4 mmol) of. 6-bromo- 

12 l,2,3,4-tetrahydro-l,l-dimetliylnaphthalene in 11.0 mL of toluene, 

13 was added 4.6 g (6.8 mL, 10.9 mmol, 1.6 M in hexane) of n-BuIi. 

14 The resulting solution was stirred at -78 °C for 45 min. and then 

15 2.40 g (3.0 mL, 12.7 mmol) of triisopropylborate was dropwise 

16 added and the reaction stirred at room temperature for 12 h. The 

17 reaction was then diluted with 10% HQ, and extracted with ether 

18 (2 x). The combined organic layer was washed with brine, dried 

19 over Mg^O^ and concentrated in vacuo to give an oil. 

20 Reoystallization from hexane afforded tkc title compound as a 

21 white solid. 

22 iH NMR (CDOp 300 MHz): 6_134 (s, 6 H), 1.71 (m, 2 H), 87 (m, 

23 2 H), 1.89 (t, 7 = 6.3 Hz. 2 H), 7.47 (d, 7 = 7.8 Hz, 1 H), 7.89 (s, 

24 1 H), 7.99 (d, 7 = 7.8 Hz, 1 H). 

25 (5J-Dimethyl-8-( tAut Yldimethvlsihdloxv}-5.6.7.8-tetrahvdrornaphth-2- 

26 yl)boronic acid (Componnd B14) 

27 Employing the same general procedure as for the preparation 

28 of l,2,3,4-tetrahydro-l,l-dimethylnaphthyl-6-boronic acid 
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1 (C mpoand B13) 12.40 g (34 mmol) of 6-bromo-l,2,3,4- 

2 tetrahydro-l^ l-dimethyI-4-(t-butyI(iimetfaylsiiylo37)iiaphthaIeiie 

3 (Componnd B15) was converted into the title compound using 

4 18.4 g (27.0 mL, 43 mmol, 1.6 M in hezane) of n>BiiIi and 931 g 

5 (1130 TtiT ., 50 mmol) of trisiopropylborate. 

6 »H NMR (CDCX^, 300 MHz): 6_0.22 (s, 3 H), 0.28 (s, 3 H), 0.98 

7 (s, 9 H), 133 (s, 3 H), 1J8 (s, 3 H), 1.62-2.09 (m, 4 H), 4.87 (m, 

8 lH),739(d,7= 7.8Hz, 1 H). 8.07 (d, / = 7.8 Hz, 1 H), 8^ 

9 (s, IH). 

10 2-(5,6,7,8-tetrahydro-5,5-dimetliy-8-(t- 

11 butyldimetIiylsilyloxy)naphtliyI)bromide (Compctiind BJ5) 

12 To a solution of 10.61 g (42 mmol) of 6-bromo-l,2,3,4- 

13 tetrahydro-l,l-dimethyI-4-hydro;gTiapIithaIene in 100 mL of 

14 methylene chloride stirring at 0*C under argon, was added 5.23 g 

15 (7.20 miL, 52 mmol) of triethylamine, 0.55 g (4.5 nmiol) of 4- 

16 dimethylaminopyridine, and 7.71 g (51 mmol) of t- 

17 butyldimethylsilyl chloride consecutivefy. The resulting solution 

18 was stirred at O'C to room temperature for 90 hours. The 

19 reaction was then diluted with water, and extracted with 

20 methylene chloride (2 x), the organic layers dried over Na2S04, 

21 and concentrated in vacuo to give an oil. Purification was done 

22 using flash chromatography (silica, 4% etl^l acetate in hezane) to 

23 give the title compound as an oS. 

24 m NMR (CDOj, 300 MHz): B 0.15 (s, 3H), 0.18 (s, 3H), 0.95 

25 (s, 9H); 1.25 (s. 3H), 1.26 (s, 3H), 1.61-2.03 (m, 4H), 4.67 (m, IH). 

26 7.13 (d, J = 8.5 Hz, IH), 730 (dd, J = 2.1, 8.5 Hz, IH). 7.51 (d, J 

27 = 2.1 Hz, IH). 

28 4.4-Dimethvl-7-acetvl-3.4-dihvdronaphthalen-l(2H)-one 
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1 (Componnd CI) 

2 A solution of 4,4-dimetI^l-7-bromo-3»4-dil]ydroiiaphthale]i- 

3 l(2H)one (Componnd G) (1.78 g, 7 mmol), l-^tho^grvinyltribu^tin 

4 (EVTB) (33 g, 9.12 mmol), 

5 bis(triphenyIphosphine)paIladium(II)chloride (260 mg, 0.23 mmol) 

6 in THF (25 mL) was refluxed for 24 h under argon atmosphere. 

7 To the reaction, additional EVTB (13 g, 4.1mmol) and 

8 bis(triphenylphosphine)paIladiam(n)chloride (200 mg, 0.2 mmol) 

9 were added and the mijcture was and refluxed for an additional 24 
to h. The reaction mixture was cooled to room temeperature and 

It 10% hydrochloric acid (10 ml) was added. After 10 min, the 

12 mixture was extracted with ether (3 X 50 mL), the combined 

13 organic layer was washed with water (10 mL), 10% 

14 sodiumbicarbonate (10 mL), brine (10 mL), dried with magnesium 

15 sulfate. Solvent was removed under reduced pressure, and after 

16 purification by flash chromatography the title cdmpouhd was 

17 obtained as a white solid. 

18 iH NMR (CDa^) : S 1.38 (s, 6H), 2.02 (t, J = 6.54 Hz, 2H), 2.73 
'18 (t, J = 6.54 Hz, 2H), 731 (d. J = 8.43 Hz, IH), 7.63 (dd, J = 

20 2.20, 8.43 Hz, IH), 8.13 (d, J = 2.20 Hz, IH). 

2t Ethvl3-[4.4-dimethvl.3.4-dihvdronaphth alen-l/;2mone-7-vl]but- 

22 2(E)-enoate (Componnd C2) 

23 To a cold (-78 °C) slurry of sodiumhydride (336 mg, 14 mmol) 

24 in THF (10 mL) was added triethylphosphonoacetate (3.58 g, 16 

25 nunol). Cooling was discontinued and the mixture was stirred at 

26 ambient temperature, After 30 min, a solution of 4,4-dimethyl-7- 

27 acetyl-l,2,3,4-tetraltydronaphthalen-l(2H)-one (Compound CI, 800 

28 mg, 3.7 mmol) in THF (4 mL) was added and stirred for 36 h. 



aIleigan:pat:600G5paJipI 



17186 Alleiigan 



136 



1 The reaction mixture was diluted with ether (120 mL), and washed 

2 with water (10 mL), brine (10 mL), dried with magiiesium sulfiite. 

3 Solvent was removed under reduced pressure, chromatographic 

4 purification gave the title compound as a colorless oil. 

5 iR NMR (COa^) : S 1.33 (t, J = 7.1 Hz, 3H), 1.41 (s, 6H), 2.04 

6 (t, J = 7.0 Hz, 2H), 2.59 (s, 3H), 2.76 (t, J = 7.0 Hz, 2H), 4.23 (q, 

7 J = 7.1 Hz, 2H), 6.19 (s, IH), 7.44 (d, J = 8 J Hz, IH), 7.65 (dd, J 

8 = 2.0, 8.3 Hz, IH), 8.15 (d, J = 2.0 Hz, IH). 

9 3-[l-Hvdroxv-4.4-dimethvl-1.2.3.4.-tetrahvdronaphthalen-7-vl]but- 

10 2(E)-en-l-ol (Compound C3) 

11 To a cold (-78 ^C) solution of ethyl 3-[4,4-dimethyi-l,2,3,4,- 

12 tetrahydronaphthaIen-l(2I^one-7-yl]but-2(E)-enoate (Compoand 

13 C2, 2.7 g, 9.4 mmol) in methylenechloride (20 mL) was added 

14 diisobutylaluminum hydride (DibAl-H, IM solution in 

15 methylenechloride) (45 mL). The reaction was gradualfy warmed 

16 to -10 °C. The reaction was quenched by adding methanol (3 

17 mL), water (10 mL), 10% hydrochdric acid (40 mL) and stirred 

18 for 10 min. The mixture was extracted with methylenechloride (3 x 

19 50 mL). The combined organic layer was washed with water (10 

20 mL), 10% sodiumbicarbonate (10 mL), brine (10 mL), dried with 

21 magnesium sulfate. Solvent was removed under reduced pressure 

22 to obtain the title compound as a white solid. 

23 iHNMR (CDa3) : d 1.24 (s, 3H), 1.31 (s, 3H), 1.57-1.70 (m, 2H), 

24 1.82-1.96 (m, 2H), 2.03 (s, 3H), 4.29 (d, J = 6.6 Hz, 2H), 4.68 

25 (brs, IH), 5.95 (t, J = 6.6 Hz, IH), 7.28 (brs, 2H), 7.48 (s, IH). 

26 3-[4.4-Dimethvl-3.4.-dihvdronaphthaleri-l(2mone-7-vl]but-2(E)-en- 

27 al (Compound C4) 

28 To a solution of 3-[l-hydrojQr-4,4-dimethyl-l,2,3,4,- 
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1 tetrahydroiiaphthaleii-7-yI]but-i2(E)-en-l-oI (Compoimd C3, IS g» 

2 6.1 mmol) in dichlorome^iane (35 mL) was added manganese 

3 dioxide (9 g, 106 mmol) in two portions and stirred at room 

4 temperature for 48 h. After filtering out the manganese dioxide 
and removing the solvent under reduced pressure the product was 
isolated as a white solid. 

iH NMR (CDa3): 5 1.41 (s, 6H), 2.03 (t, J = 6.4 Hz, 21^, 238 
(s, 3i^, 2.75 (t, J = 6;4 Hz, 6.41 (d, J = 7.7 Kfe, IH), 7.48 (d* 
J = 8J1, IH), 7.71 (dd, J = 2.2, 8J1 Hz, IH), 8.20 (d, J = 2.2 
Hz), 10.18 (d, J = 7.7 Hz, IH). 
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1 Ethvl 7-[4.4-dimethvl-3.4.»dihvdronaphthalen-l(2H)one.7-vl]-3.7- 

2 dimethvl-hept-2(E). 4(E\. 6(E)trienoate (Compomid C5) 

3 To a cold (-78 ^C) solution of die%l-(E)-3-etho}grcarboiiyl-2- 

4 metiiylaltylphosphonate in THF was added n-BuLi (1.6 mmol 

5 solution in hexanes, 2.2 mL, 3.5 mmol) followed by 3-[4,4- 

6 dimethyl-l,2,3,4,-tetrahydronaphthalen-l(2H)one-7-yI]but-2(E)-en- 

7 al (Compoand C4, 300 mg, 1.24 mmol) in THF (2 mL). The 

8 mixture was stirred for 16 h at -78 °C. The mixture was treated 

9 with water and extracted with ether (3 X 40 mL). Hie combined 

10 organic layer was washed with water (10 itnL), brine (10 mL) and 

11 dried with MgSO^. Solvent was removed under redi^ced 

12 pressure, the crude product was purified by column 

13 chromatography, followed by HPLC to give the titie compound as 

14 a solid. 

15 iH NMR (COa^) : S 1.30 (t, J = 7.1 Hz, 3H), 1.40 (s, 6H), 2.03 

16 (t, J = 6.8 Hz, 2H), 2.26 (s. 3H), 2.38 (s, 3H), 2.75 (t, J = 6.8 Hz, 

17 2H), 4.20 (q, J = 7.1 Hz, 2H), 5.82 (s, IH), 6.41 (s, J = 15.0 Hz, 

18 IH), 6.64 (d, J = 11.0 Hz, IH), 7.01 (dd, J = 11.0, 15.0 Hz, IH), 

19 7.41 (d, J = 8.2 Hz, IH), 7.66 (dd, J = 2.0, 8.2 Hz, IH), 8.14 (d, J 

20 = 2.0 Hz). 

21 4.4-Dimethvl-7-acetvl-l-phenvltb io-3,4-dihy dronaphthalene 

22 (Compound C7) 

23 Employing the procedure used for the preparation of 4,4- 

24 dimethyl-7-acetyl-3,4-dihydronaphthalen-l(2H)-one (Compound 

25 CI) 1.2 g, (3.5 mmol) of 4,4-dimethyl-7-Bromo-l-phenylthio-3,4- 

26 dihydronaphthalene (Compoand A35) was converted to the title 

27 compound. 

28 iH NMR (CDa3) : S 1.35 (s, 6H), 2.42 (d, J = 4.8 Hz, 2H), 2.43 
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1 (s, 3H), 6.59 (t, J = 4.8 Hz, 11^, 7.10-7.27 (m, 4H), 732 (d. J = 

2 8J Hz, IH), 7.40 (d, J = 8.1 Hz, IH), 7.82 (dd, J = 1.9, 8.1 Hz, 

3 IH), 8.18 (d, J = 1.9 Hz, IH). 

4 3-[4.4-Dimethvl-l-pheiivltlu(>-3. 4^iTiYrfrn naphthaleii-7-vl]but-2- 

5 eD(E)-nitrile (Compound C8) 

6 Employing the procedure used for the preparation of ethyl 3- 

7 [4,4^dimethyl-3,4-difaydronaphthaien-l(2H)one-7-yl]but-2(E)- 

8 enoate (Conqpeiind G2) mstead iiahg 

9 dietl^lcyanomethylphosphonate (1.77 10 mmol), sodium fa/dride 

10 (220 mg, 9 mmol) and 4,4-dimetIiyl-7-ace1yl-l-phei^lthio-3,4- 

11 dihydronaphthalene (Compossd C7, 924 m^ 3 mmo]^ was 

12 converted to the title compound. 

13 iR NMR (CDQj) : 5 1 J4 (s, 6H), 2.30 (s, 3H), 2.42 (d, J = 4.6 

14 Hz, 2H), 538 (s, IH), 6.61 (t, J = 4.6 Hz, IH), 7.10-737 (m, 7H), 

15 7.69 (d, J = 1.9 Hz, IH). 
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t 3-[4.4-Dimethvl-l-pheii yi«^hif>-^Adili vdronaphthalen-7-vl]but-2- 

2 en(E)-aldehvde (Compound C9) 

3 To a cold (-78 °C) solution of 3^[4,4-dimetItyl-l-pheiiylthio-3,4- 

4 dihydroiiaphthalen-7-yip)ut-2-en(E)-mtrile (Compound C8, 400 

5 mg, 1.2 mmol), in dichloromethane (10 mL) was added 

6 diisobutylaluminum hydride (DiBAl-H) (IM solution in 

7 dichloromethane, 2.5 mL, 2.5 mmol). The reaction was warmed to 

8 -40 °C gradually over a period of 1 h. Then the reaction was 
B quenched by adding methanol (U mL), diluted with ether : 

10 ethylacetate (1:1, 100 mL), washed with 10% HQ (10 mL), water 

11 (10 mL), and brine (10 mL). The organic layer was dried 

12 (MgSO^) and the solvent was removed under reduced pressure. 

13 The title compound was obtained as a colorless oil after silicagel 

14 chromatography. 

15 iH NMR (CDCL3) : S 136 (s, 6H), 2.40 (d, J = 13 Hz, 3H), 2.42 

16 (d, J = 4.7 Hz, 2H), 6.25 (dd, J = 1.3, 7.9 Hz, IH), 6.60 (t, J = 

17 4.7 Hz, IH), 7.10-7.43 (m, 7H), 7.81 (d, J = 1.9 Hz, IH), 10.11 (d, 

18 J = 7.9 Hz, IH). 

19 Ethvl 7-[4.4-dimethvl-l-rphenvlthioV3.4.-dihvdron aphthalen-7-vl]- 

20 3.7-dimethvl-hept-2(EV 4(E). 6(E)trienoate (Componnd CIO) 

21 Employing the procedure used for the preparation of ethyl 7- 

22 [4,4-dimethyl-3,4,-dihydronaphthalen-l(2H)one-7-yI]-3,7-dimethyl- 

23 hept-2(E), 4(E), 6(E)trienoate (Componnd C5) mstead using 

24 diethyl-(E)-3-ethojQ'carbonyl-2-methylallylphosphonate (786 mg, 3 

25 mmol), n -BuLi (2.8 mmol), 3-[4,4-dimethyI-l-phenylthio-3,4- 

26 dihydronaphthalen-7-yl]but-2-en(E)-aldehyde (Compound C9, 280 

27 mg, 0.84 nmiol) wais converted to the title compound. 

28 iH NMR (0003) : S 1.32 (t, J = 7.1 Hz, 3H), 1.36 (s, 6H), 2.12 
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1 (s, 3H), 238 (s, 3H), 2.41 (d, J = 4.7 Hz, 2H), 4.20 (q, J = 7.1 

2 Hz, 2H), 5.82 (s, IH). 6.29 (d. J = 14.8 Hz, IH), 6J3 (d, J = 9.9 

3 Hz, IH), 6.58 (t, J = 4.7 Hz, IH), 6.96 (dd, J = 9.9, 14.8 Hz, IH), 

4 7.12-738 (m, 7H), 7.74 (d, J = 1.7 Hz, IH). 

5 Ethvl 7-[4.4-dimethvl- l-phenvlsulfoDvl-3.4.-dihvdronaphthalen-7- 

6 vI]-3.7-dimethvl-hept-2(E). 4(E). 6(E)trienoate (Compound Clla) 

7 Ethyl 7-[4.4-^imethvl-l-phenylsulfoxide-3,4.-dnivdronaphthalen-7- 

8 vl]-3.7-dimethvl-faept-2(E). 4(E). 6(E)faieaoate (Compomid Glib) 

9 To a cold (0 °C) solution of ethyl 7-[4,4-dimethyI-l-phenylthio- 

10 3,4,-dihydronaphthaIeii-7-yI]-3,7-dimethyl-hept-2(E), 4(E), 

11 6(E)trienoate (Compound CIO, 44 mg, 0.1 nmiol) ia 

12 dichloromethane (3 mL) was added m-chloroperojg'benzoic acid 

13 (approximately 60% concentration, 30 mg, 0.1 mmol). The mixture 

14 was stirred for 2 h at 0 diluted with dichloromethane (40 mL) 

15 and washed sucoessivefy with 10% sodiumbicarbonate (5 mL), 

16 water (5 mL) and brine (5 mL). The organic layer was dried 

17 (MgSO^) and the solvent was removed under reduced pressure. 

18 The title compounds were obtained after separation of the mixture 

19 by silicagel chromatography^ 

20 Ethyl 7-[4,4-dimethyI-l-phei^lsuIfonyl-3,4,-dihydronaphthaIen-7- 

21 yl]-3,7-dimet^I-hept-2(E), 4(E), 6(E)trienoate (Componnd 11a) 

22 1h NMR (CDO^) : S 1.23 (s, 6H), 1.31 (t, J = 7.1 Hz, 3H), 2.17 

23 (s, 3H), 2.39 (s, 3H), 2.51 (d, J = 4.9 Hz, 2H), 4.20 (q, J = 7.1 

24 Hz, 2H), 5.84 (s, IH), 6.36 (d, J = 15.1 Hz, IH), 6.41 (d, J = 13.0 

25 Hz, IH), 6.99 (dd, J = 12.0, 15.1 Hz), IH), 7.27 (d, J = 1.7 Hz, 

26 IH), 734 (dd, J = 1.9, 8.2 Hz, IH), 7.45-7.60 (m, 4H), 7.93-8.0 

27 (m, 3H). 

28 Ethyl 7-[4,4-dimethyl-l-phenylsuIfoxide-3,4,-dihydronaphthalen-7- 
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t yl]-3,7-dimethyI-hept-2(E), 4(E), 6(E)trienoate (Compoond lib) 

2 iH NMR (CDa3) : S 132 (s. 3H), 1 JO (s, 3H). IJl (t, J = 7.1 

3 Hz, 3H), 2.15 (s. 3H), 238 (s, 3H), 2.50 (d. J = 4.6 He, 2H), 4.19 

4 (q, J = 7.1 Hz, 2H). 5.84 (s, IH), i5J6 (d, J = 15.0 Hz, IH), 639 

5 (d, J = 11.6 Hz, IH), 6.90-7.04 (m, 2H), 7.24-732 (m, 2H), 7.41- 

6 730 (m 3H), 733 (d* J = 1.8 Hz, IH), 7.74 (dd, J = 23, 8.0 Hz, 

7 2H). 

8 EthvL7^[4.4 >^imftfliyUl .23.4.^tetiahyAx>naphthaleB-l»l^ 

9 3.7-dimethvl -hept-2(E). 4(E). 6(E\tnehoate (Compound C13) 

10 To cold (0 °C) solution of ethyl 7-[4,4-dimethyl-3,4,- 

11 dihydronaphthaIen-l(2H)one-7-yI]-i3,7-dimethy!-hept-2(E), 4(E), 

12 6(E)trienoate (Compound C5, 6 mg, 0.02 mmol) in ether (3 mL) 

13 was added ZnBH4 (0.5 M solution in ether, 03 mL). The mixture 

14 was stirred for 30 min. and quenched the with water, diluted with 

15 ether (30 mL). The organic layer was washed with water (5 mL), 

16 10% HQ (5 mL), water (5 mL), 10% NaHCOg (5 mL) and brine . 

17 (5 mL). The organic layer was dried with MgSO^, and the solvent 

18 was removed under reduced pressure to obtain the title compound 

19 as a white solid. 

20 iH NMR (CDOj): 8 1.26 (s, 3H), 130 (t, J = 7.1 Hz, 3H), 134 

21 (s, 3H), 1.58-1.70 (m, IH), 1.82-1.95 (m, 2H), 2.05-2.15 (m, IH), 

22 2.25 (s, 3H), 238 (s, 3H), 4.18 (q, J = 7.1Hz), 4.75 (brs, IH), 5.81 

23 (s, IH), 637 (d, J = 15.1 Hz, IH), 6.60 (d, J = 11.2 Hz, IH), 7.02 

24 (dd. J = 11.2, 15.1 Hz, IH), 731 (d, J = 83 Hz, IH), 7.39 (dd, J 

25 = 2.1, 83 Hz, IH). 
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1 Ethvl 7-[4.4-dimethvl -3.4.-dihYri ronaphthalep- 1- 

2 trifluoromethvlsttlfoiivloxv-7-vl]-3^7-diTtiethYi.hept-2(E). 4(E). 

3 6(E)trienoate (Componnd C14) 

4 To a cold (-78 °C) stirring solution of ethyl 7-[4,4-dimethyl- 

5 3,4,-dihydronaphthalen-l(2H)one-7-yl]-3,7-dimethyI-hept-2(E), 

6 4(E), 6(E)trienoate (Compound C5, 190 mg, 035 mmol), in THF 

7 (10 mL) was added sodium bis(bimetl^lsiiyl)aimde (IM solution 

8 in THF, 03 ml^ 0.5 mmol). After 20 min; l-N^- 

9 bis(tri£Iuoroniethyl5uIf6nyI)amino-5-ciiloropyridine (216 mg, 0.6 

10 mmol) in THF (2 mL) was added, after another 20 min. the 

11 temparature was increased to -10 °C and the mixture ^as stirred 

12 at this temperature for another 20 min. The reaction was 

13 quenched by adding aqueous NH4a (10 mL), extracted with ether 

14 (3 X 30 mL). The combined organic layer was washed successively 

15 with water (10 mL) and brine (10 mL), dried with MgSO^. The 

16 solvfcnt was removed, and the resulting crude mixture was purified 

17 by silicagel chromatography and HPLC to afford the title 

18 compound as a white solid. 

19 iH NMR (GDQj) : 5 1.31 (t, J = 7.1 Hz, 3H), 132 (s, 6H), 2.25 

20 (s, 3H), 2.39 (s, 3H), 2.43 (d, J = 4.9, 2H), 4.19 (q, J = 7.1 Hz, 

21 2H), 5.83 (s, IH), 5.99 (t, J = 4.9 Hz, IH), 6.40 (d, J = 15.0 Hz, 

22 IH), 6.57 (d, J = 11.3 Hz, IH), 7.01 (dd, J = 113, 15.0 Hz, IH), 

23 7.30 (d, J = 8.0 Hz, IH), 7.46 (dd, J = 1.9, 8.0 Hz, IH), 7.47 (d, J 

24 = 1.9 Hz, IH). 

25 Ethvl 7-[4.4-dimethvl-3.4.-dihvdronaphthalen-l-(2-thienvlV7«vl3»3.7- 

26 dimethvl-hept-2(E). 4(E). 6(E}trienoate (Compound CIS) 

27 To a cold (-78 °C) solution of thiophene (252 mg, 3 nunol) in 

28 THF (2 mL) was added t-BuLi (1.4 M solution in cyclohexane, 2 
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1 mL, 2.8 mmol) and the mixture was wanned to -30 °C over a 

2 period of 30 min. The mixture was recooled to -78 °C and a 

3 solution of zinc chloride (408 mg, 3 mmol) in THF (1 mL) was 

4 added to it. The white turbid mixture was warmed to ambient 

s temperature and stirred for 30 min. This mixture was transferred 

6 to a flask containing ethyl 7-[4,4-dimetItyl-3,4,-dihydronaphthaIen- 

7 l-trifluoromethyIsulfonyIo39'-7-yI]-3,7-dimethyl-hept-2(E), 4(E), 

8 6(E)trienoate (Compound C14» 118 mg, 0.25 mmol), palladium 
0 tetrakis(triphenylphosphine) (250 mg, 0.22 mmol) and THF (1 
10 mL). The reactants were heated to 50 °C for 3 h. and then the 

It reaction was quenched by adding aqueous NH4a (10 mL). The 

12 reaction mixture was extracted with ethylacetate (3 X 20 mL). The 

13 combined organic layer was washed with water (10 mL) and brine 

14 (10 mL), dried with MgSO^. The solvent was removed under 

15 reduced pressure and the title compound was obtained as pale 

16 yellow solid aifter silicagel chroinatography. 

17 iH NMR (COa^) : S 1.29 (t, J = 7.1 Hz), 1.33 (s, 6H), 2.18 (s, 

18 3H), 2.33 (d, J = 4.8 Hz, 2H), 2.36 (s, 3H), 4.17 (q, J = 7.1 Hz, 

19 2H), 5.79 (s, IH), 6.21 (t, J = 4.8 Hz, IH) 6.33 (d, J = 15.1 Hz, 

20 IH). 6.48 (d, J = 11.5 Hz, IH), 6.98 (dd, J = 113, 15.1 Hz, IH), 

21 7.08 (br d, J = 3.4 Hz, 2H), 7.26-7.29 (m, IH), 732-7.41 (m, 2H), 

22 7.52 (d, J = 1.6 Hz, IH). 

23 Ethvl 7-[4.4-dimethvl-3.4.-dihvdronaphthalen-l(2H)-(flnri)(Q- 

24 methvl-oxime)-7-yl]-3.7-dTmethvl-hept-2(E). 4(E). 6(E)trienoate 

25 (Compound C16) 

26 To a solution of ethyl 7-[4,4-dimethyl-3,4,-dihydronaphthalen- 

27 l(2H)one-7-yl]-3,7-dimethyl-hept-2(iB), 4(E), 6(E)trienoate 

28 (Compound C5, 25 mg, 0.07 nunol) in ethanol (2 mL) and THF (2 
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1 mL), was added sodium acetate tril^drate (103 mg, 0.75 mmol) 

2 followed by methos^amine l^diodiloride (42 mg, OJ mmoQ. 

3 The mixture was stirred at ambient temperature for 16 h and 

4 diluted with ether (60 mL). The ether layer was washed 

5 successively with 10% NaHC03 (5 mL), water (5 mL) and brine 

6 (10 mL). The organic layer was dried with MgSO^ and the 

7 solvent was removed under reduced pressure. After purification 

8 by chromatography on silicagel the title compound was obtained 
0 as a white solid . 

10 iH NMR (COaj) : S 1.29 (s, 6H), IJO (t, J = 7.1 Hz» 3H), 1.72 

11 (t, J = 7.0 Hz, 2H), 2.27 (s, 3H), 2.39 (s, 3H). 2.80 (t,^J = 7.0 Hz, 

12 2H), 4.03 (s, 3H), 4.18 (q, J = 7.1 Hz, 2H), 5.82 (s, IH); 6.40 (d, J 

13 = 15.0 Hz, IH), 6.60 (2, J = 11.0 Hz, IH), 7.03 (dd, J = 11.0, 

14 15.0 Hz, IH), 733 (d, J = 8.3 Hz, IH), 7.44 (dd, J = 2.1 Hz, 83 

15 Hz, IH), 8.07 (d, J = 2.1 Hz, IH). 
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1 Ethvl 7-[4.4-dimethvl-3.4.-dibvdronaphthalen-ir2H)- 

2 rg«/tVcarbethoxvmethvlenvlV7-vl]-3.7-dimethYl-hept-2(E). 4(E). 

3 6(E)trienoate (Compound C17a) 

4 Ethvl 7-[4.4-dimethvl-3.4.-dflivdronaphthalen-l(2H)- 

s rjm)(<arbethoxvmethvlenvlV7-vl]-3.7-diTtiftthYl-hept-2(E). 4(E). 

6 6CE)tnenoBte (Compound C17b) 

7 To a cold (-78 ^C) sliiny of sodium hydride (24 mg, 1 mmol) 

8 in THF (3 mL) was added triethylphosphonoacetate (300 mg, 1.4 
8 mmol). The mixture was stirred for 30 min. at 0 °C To this 

10 mixture a solution of ethyl 7-[4,4-dimethyl-3,4,-dihydronaphthaIen- 

11 l(2H)one-7-yl]-3,7-dimethyl-hept-2(E), 4(E), 6(E)-trieiioate , 

12 (Compound C5, 50 mg, 0.15 mmol) m THF (2 mL) was added and 

13 stirred at ambient temperature for 48 h. The reaction was 

14 quenched by adding water (5 mL) and extracted with ethyl acetate 

15 (3 X 30 mL). The combined organic layer was washed with water 

16 (5 mL), brine (5 mL) and dried (M^O^), The solvent was 

17 removed under reduced pressure and the titie compounds were 

18 obtained after sih'cagel chromatography and HPLC separation. 

19 Ethyl 7-[4,4-dimethyl-3,4,-dihydronaphthalen-l(2H)- 

20 (fl/i/i)(carbethoxymethylenyl)-7-ylj-3,7-dimethyl-hept-2(E), 4(E), 

21 6(E)trienoate (Compound 17a) 

22 1h NMR (GDQj) : S 1.30 (s, 6H), 130 (t, J = 7.1Hz, 3), 134 (t, 

23 J = 7.1 Hz, 3H), 1.73 (t, J = 6.6 Hz, 2H), 2.26 (s, 3H), 238 (s, 

24 3H), 3.24 (t, J = 6.6 Hz, 2H), 4.13-4.28 (m, 4H), 5.82 (s, IH), 6.31 

25 (s, IH), 6.40 (d. J = 15.0 Hz, IH), 6.57 (d, J = 11.5 Hz, 1H),7.01 

26 (dd, J = 11.5, 15.0 Hz, IH), 7.35 (d, J = 8.3 Hz, IH), 7.46 (dd, J 

27 = 1.9, 8.3 Hz, IH), 7.66 (d, J = 1.9 Hz, IH). 

28 Ethyl 7-[4,4-dimethyl-3,4,-dihydronaphthalen-l(2H)- 
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1 (^y7x)(carbetho)^ethylenyI)-7-yI]-3,7-^Iimethyl-hept-2(E), 4(E), 

2 6(E)trienoate (Compoand C17b) 

3 1h NMR (CDaj) : 8 1.25 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 

4 Hz, 3H), 132 (s, 6H), 1.83 (t, J = 6 J Hz, 2H), 2.23 (s, 3H), 238 

5 (s, 3H), 2.54 (t, J = 63 Hz, 2H), 4.12-4.25 (m, 4H), 5.81 (s, 2H), 

6 638 (d, J = 15.1 Hz. IH), 637 (d, J = 11.0 Hz, IH). 7.01 (dd. J 

7 = 11.0, 15.1 Hz, IH). 730 (d, J = 83 Hz, IH), 7.46 (dd, J = 1.9, 

8 8.3 Hz, IH). 7.72 (d. J = 1.9 Hz, IH). 

9 7-[4.4-Dimethvl-1.2.3.4.-tetrahvdronaphthalen-l-hvdroxv-7-vl]-3.7- 

10 dimethyl-hept-2(E). 4(E). 6(E)trienoic add (Componnd C19) 

11 To a solution of ethyl 7-[4,4-dimethyl-l,2,3,4,- ^ 

12 tetrahydronaphthaleii-l-ltydrojy-7-yl]-3,7-dimethyHiept-2(E), 4(E), 

13 6(E)trienoate (Compound CIS, 35 mg, 0.1 mmol) in IHF (3 mL) 

14 and methanol (1 mL). was added lithiumhydroxide (IM solution in 

15 water. 0.3 mL, 03 mmol) and warmed to 60 oC for 6 h. The 

16 reaction mixture was diluted with ether : ethylacetate (1:1, 40 mL), 

17 acidified with 10% aqueous HQ to pH 6. The organic layer was 

18 washed with water (5 mL), brine (5 mL) and dried (M^04), and 

19 the solvent was removed under reduced pressure. After 

20 purification by preparative TLC the title compound was obtained 

21 as a pale yellow solid . 

22 1h NMR (COa^) : S 1.26 (s, 3H), 134 (s, 3H), 135-1.65 (m, 

23 IH), 1.70-2.10 (m, 3H), 2.27 (s, 3H), 2.40 (s, 3H), 4.77 (t, J = 5.6 

24 Hz, IH), 5.84 (s. IH), 6.41 (d, J = 15.1 Hz, IH), 6.62 (d, J = 11.1 

25 Hz, IH), 7.08 (dd, J = 11.1, 15.1 Hz, IH), 732 (d, J = 83 Hz, 

26 IH), 7.40 (dd, J = 1.9, 83 Hz, IH), 7.57 (d, J = 1.9 Hz, IH). 

27 7-[4.4-Dimethvl-3.4.-dihvdroiiaphthalen-l-(2^thienvl}-7-vl]-3.7- 

28 dimethvl-hept-2(E). 4(E). 6(E)trienoic add (Compoand C20) 
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1 Employing the procedure used for the preparation of 7-[4,4- 

2 dimethyI-l,2,3,4,-tetrahydronaphthaIen-l-hydro3gr-7-yI]-3,7- 

3 dimethyI-hept-2(E), 4(E), 6(E)trienoic add (Compoimd C19)» 20 

4 mg (O.QS mmol) of etbyl 7r[4,4-dimethyl-3A-di]^dronaphthaIen-l- 

5 (2-thiei]iyI)-7-yI]-3,7-dimetIyI-hept-2(E), 4(E), 6(E)trienoate 

6 (Compound CIS) was converted to the title compound. 

7 1h NMR (CDjlCOCD^) : 8 1 JO (s, 6H), 2.19 (s, 3H), 2J2 (d, J = 

8 4.8 Hz, 2H), 235 (s, 3H), 5.84 (s, IH), 6.22 (t, J = 4.8 Hz, IH), 

9 6.47 (d, J = 15.1 Hz, IH), 6.58 (d, J = 11.0 Hz, IH), 7.05-7.18 (m, 
10 3H), 738-7.55 (m, 4H). 
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t Ethvl 7-[4.4-dimethvl-.3. 4.-dibvdronaDhthalen-1-cvanQ-7-yf]-^,7- 

2 dimetlivl-hept-2rE). 4(E). 6rE'>trienQate (Compomid C21) 

3 To a solution of etbyl 7-[4,4-dimet]iyl-3A-diliydronaphtlialen-l- 

4 trifluorometltylsuIfoi^oigr-7-yl]-3,7-dimethyl-hept-2(E), 4(E), 

5 6(E)trienoate (Componnd C14, 87 mg, 0.18 mmol) in THF (10 

6 mL) were added tetrakis(triphenylpIiosphine)palladiuni (10 mg, 

7 0.01 mmol) and zinc cyanide(42 mg, 036 mmol). The mixture was 

8 heated to 50 for Ih. Additional quantities of 

9 tetrakis(triphenyIphosphine)palladium (10 mg, 0.01 mmol) and 

10 zinc cyanide (42 mg, 036 mmol) were added and the mixture 

11 heated to 50 °C for another Ih. The reaction was quisnched with 

12 water (5 mL), extracted with ethyl acetate (2 X 20 mL)^ and the 

13 combined organic layer was washed with water, followed by brine. 

14 The organic layer was dried (MgSO^) and solvent removed under 

15 reduced pressure. After silicagel chromatography the title 

16 compound was isolated as a solid . 

17 iH NMR (COa^) : S 1.29 (s, 6H), IJO (t, J = 7.1 Hz, 3H), 2.26 

18 (s, 3H), 2.39 (s, 3H), 2.41 (d, J = 4.8 Hz, 2H), 4.18 (q, J = 7.1 

19 Hz, 2H), 5.83 (s, IH), 6.41 (d, J = 15.0 Hz, IH), 6.61 (d, J = 11.0 

20 Hz, IH), 6.87 (t, J = 4.8 Hz, IH), 7.01 (dd, J = 11.0, 15.0 Hz, 

21 IH), 7J2 (d, J = 8.2 Hz, IH), 7.44 (dd, J = 2.0, 8.2 Hz, IH), 7.57 

22 (d, J = 2.0 Hz, IH). 
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1 Ethvl 7-[4.4-riiinethvl-3.4-dihvdro-l(2H)-.yvn-(0-ethv1 orinie}- 

2 naphth-7-vl]3,7-rfiTnethvl-hepta-2(E).4(E).6(E)-trienoate 

3 (Compound 22a) 

4 Ethvl 7-[4.4-dimethvl-3.4-dmvdro-ir2m-flntf-(;0-ethvl oximeV 

5 naphth-7>vl]3.7.^ethvl-hepta»2(i5).4(E).6(E)-trienoate 

6 (Componnd C22b) 

7 To a solution of ethyl 7-[4,4-dimethyI-3,4-dilQrdxonaphthaleii- 

8 l(2PI)one-7-yl]3,7-dimethyl-heiita-2(E),4(E),6(E)-trienoate 

9 (Componnd CS, 128 mg, 0.4 mmol) in THF (10 mL) and ethanol 

10 (10 mL), was added O-ethylhydroj^lamine hydrochloride (280 

11 mg, 2.8 nmiol) , sodium acetate trihydrate (600 mg^ 4 A mmol) 

12 and the inijcture was stirred at ambient temperature for 80 h. 

13 The reaction mixture was diluted with ethyl acetate (50 mL) and 

14 washed with water (10 mL) and brine (50 mL). The organic phase 

15 was dried over MgSO^ and then concentrated in vacuo to a yellow 

16 oil. Purification by column chromatography (dlica, 10% EtOAc- 

17 hexane) followed by HPLC separation (partisii 10, 10% EtOAc- 

18 hexane) afforded the title compounds is white solid in the ratios 

19 of 1 (syn) : 7 (anti). 

20 Ethyl 7-[4,4-dimethyl-3,4-dihydro-l(2H)-jry7i-(0-ethyl oxime)- 

21 naphth-7-yI]3,7-dimethyl-hepta-2(E),4(E),6(E)-trienoate 

22 (Compound C22a) 

23 »H NMR (CDOj): S 1.27-1 J9 (m, 12H), 1.88 (t, J = 6.3Hz, 2H), 

24 2.25 (s, 3H), 2.39 (s, 3H), 2.56 (t, J = 6JHz, 2H), 4.19 (m, 4H), 

25 5.81 (s, IH), 6.34 (d, J = 15.0Hz, IH), 6.57 (d, J = ll.OHz, IH), 

26 7.03 (dd. J = 11.4. 15.0Hz, IH), 736 (d, J = 8.4Hz, IH), 7.46 (dd, 

27 J = 2.0, 8.6Hz, IH), 8.65 (d, J = 2.0Hz, IH). 

28 Ethyl 7-[4,4-dimethyl-3,4-dihydro-l(2H)-fl/ift-(0-ethyl oxime)- 
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1 naphth-7-yI]3,7-dimethyI-hepta-2(E),4(E),6(E)-trienoate 

2 (Compound C22b) 

3 iH NMR (CDa3): 5 1.28-1.31 (m, 9H), 136 (t, J = 8.2Hz, 3H), 

4 1.73 (t, J = 6.9Hz, 2H) 2.27 (s, 3H), 2.40 (s, 3H), 2.82 (t, J = 

5 6.9Hz, 2H), 4.20 (q, J = 7.2Hz, 2H), 43 (q, J = 7.1Hz. 2H). 5.83 

6 (s, IH), 638 (d, J = 15.1Hz, IH), 639 (d, J = ll.OHz, IH), 7.03 

7 (dd, J = 11.2, 15.1HZi IH), 732 (d, J = 83Hz, IH), 7.42 (dd, J = 

8 2.1, 8.2Hz, IH). 8.09 (d, J = 2.0Hz, IH). 

0 7-[4,4-dimethyl-3,4-dihydro-l(2H)-5y7i-(0-etIiyI oxime)-naphth-7- 

10 yI]3,7-dimethyl-hepta-2(E),4(E),6(E)-trienoic acid (Compound 

11 C24) 

12 To a solution of ethyl 7-[4,4-dimethyI-3,4-diltydro-l([2EI)-j)7i- 

13 (O-etfayl oxime)-naphth-7-yI]3,7-dimethyl-hepta-2(E),4(E),6(E)- 

14 trienoate (Compound C22a, 7.8 mg, 0.02 mmol) in THF (1 mL) 

15 and ethanol (1 mL), was added IM lithiiim hydroxide (0.08 mL, 

16 0.08 mmol) and the mixture was stirred at ambient temparature 

17 for 8 days. Thereafter the reaction mixture was diluted with £t20 

18 : EtOAc (1:1, 10ml) and acidified with 10% HQ to pH 4. The 

19 organic layer was washed with water (5 mL), brine (10 ml), dried 

20 (MgSO^) and the solvent was removed under reduced pressure. 

21 Reciystallization from £tOA(^exane gave the title compound as a 

22 pale yellow solid. 

23 iH NMR (CDOj): S 132 (s, 6H), 136 (t, J = 7.1Hz, 3H), 1.88(t, 

24 J = 8.7Hz, 2H), 2.25 (s, 3H), 239 (s, 3H), 235 (t, J = 63Hz, 2H), 

25 4.20 (q, J = 7.0Hz, 2H), 5.84 (s, IH), 636 (d, J = 15.0Hz, IH), 

26 6.58 (d, J = ll.Oflz, IH), 7.03 (dd, J = 11.2, 15.1Hz, IH), 736 (d, 

27 J = 8.4Hz, IH), 7.47 (dd, J = 2.0, 8.6Hz, IH), 8.65 (d, J = 2.0Hz, 

28 IH). 
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1 7-[4.4-^imethvl-3.4-dihvdro-ir2H)-gntf-rO-ethv1 oYTmft) -na phth-7- 

2 vl]3.7-dimetlivl-hepta-2(E).4(E).6(E)-trienoicacid (Componnd 

3 €25) 

4 To a solution of ethyl 7-[4,4-dimetl5rl-3,4-dihydro-l(2H5.<witf- 

5 (O-ethyl oxime)-iiaphth-7-yI]3,7-dimethyI-hepta-2(E),4(E),6(E)- 

6 trienoate (Gomponnd C22b, 40 mg, 0.1 mmol) in THF (2 mL) 

7 and ethanol (2 mL), was added IM lithium hydroxide (2 mL, 2 

8 mmol) and the mixture was stirred at ambient temparature for 3 

9 days and thereafter at 50° C for 8h. The reaction mixture was 

10 diluted with Et20 : EtOAc (1:1, lOmI), and then acidified with 

11 10% HQ to pH 4. The organic layer was washed with water (5 

12 mL), brine (10 ml), dried (M^O^) and the sohreht was Removed 

13 under reduced pressure. RecijrstaUization jfrom EtOAq/hexane 

14 gave the title compound as a paJe yellow solid. 

15 1h NMR (CDOj): S 1.30 (s, 6H), 1.36 (t, J = 7.0Hz, 3H), 1.73 (t, 

16 J = 7.0Hz, 2H) 2.28 (s, 3H), 2.41 (s, 3H), 2.81 (t, J = 6.9Hz, 2H), 

17 4.25 (q, J = 7.1Hz, 2H), 5.86 (s, IH), 6.41 (d, J = 15,(mz, IH), 

18 6.60 (d, J = 11.4Hz, IH), 7.03 (dd, J = 11.4, 15.1Hz. IH), 7J2 (d, 

19 J = 8.4Hz, IH), 7.42 (dd, J = 2.1, 8.4Hz, IH), 8.09 (d, J = 2.0Hz, 

20 IH). ' 

21 (-/+)Ethvl 7-[4.4-dimethvl-1.2.3.4^tetrahvdro>l-(Q. 

22 methoxvmethvn-naphth. 7.vl]3.7-dimethvl-hepta-2(E).4rE).6(E)- 

23 trienoate (Compound C26) 

24 To a solution of (-/+)ethyl 7-{4,4-dimethyI-l,2,3,4-tetrahydro- 

25 l-hydroxy -naphth-7-yI]3,7-dimethyI-hepta-2(E),4(E),6(E)-trienoate 

26 (Compound C13, 67 mg, 0.19 mmol) in CH2'^2 

27 added ^,A^-diisopropylethylamuie (91 mg, 1.1 nunol) , 

28 chloromethyl methyl ether (294 mg, 23 mmol) and the mixture 
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1 was stirred at ambient temparature for 12 h. Then the reaction 

2 mixture was diluted with water (5 mL) and Et20 (25 mL) and 

3 washed with water (10 mL) and brine (10 mL). The organic phase 

4 was dried over MgSO^ and concemtrated in vacuo to a yellow oil. 

5 Purification by flash column chromatography (silica, 10% EtOAc- 
. 6 hexane) followed by reverse phase HPLC separation (partisil 10 

7 ODS-2, 5% H20-Ac0^ afforded the title compound as a pale 

8 yellow oil. 

9 iH NMR (COa^y. S 1.24 (s, 3H), 1.29 (t, J = 7.1Hz, 3H), 1.34 (s, 

10 3H), 1.55-1.60(m, IH), 1.91-2.05 (m, 3H), 2.24 (s. 3H), 2.38 (s, 

11 3H), 3.48(s, 3H), 4.16 (q, J = 7.1Hz, 2H), 4.65 (t, J = 4.7Hz, IH), 

12 4.76(d, J = 7.0Hz,lH), 4.87(d, J = 7.0Hz, IH), 5.80 (s.'^lH), 633 

13 (d, J = 15.2Hz, IH), 6.55 (d, J = 11.5Hz, IH), 7.01 (dd, J = 11.1, 

14 15.0Hz, IH), 7.31 (d, J = 83Hz, IH), 737 (dd, J = 2.1, 8.4Hz, 

15 IH), 7.43 (d, J = 2.1Hz, IH). 

16 (H-J 7-f4,4-dimethyi-l,2,3,4-tetrahydro-l-(0-methoxymethyl)- 

17 naphth-7-yI]3,7-dimethyI-hepta-2(E),4(E),6(E)-trienoicacid 
16 (Compound G27) 

19 EmpIo)dhg the same general procedure as for the preparation 

20 of 7-[4,4-dimethyI-3,4-dihydro-l(2H)-a«rf-(0-ethyl oxime)-naphth- 

21 7-yl]3,7-dimethyI-hepta-2(E),4(E),6(E)-trienoic acid (Componnd 

22 C25). (-/+)ethyl 7-[4,4-dimethyI-l,2,3,4-tetrahydro-l-(0- 

23 methoxymethyI)-naphth-7-yIJ3,7-dimethyl-hepta-2(E),4(E),6(E)- 

24 trienoate (Compound C26, 20 mg, 0.05 mmol) was converted into 

25 the title compound (white solid). 

26 iH NMR (acetone-dg): 5 1.23 (s, 3H), 130 (s, 3H), 1.55-1.60 (m, 

27 IH), 1.89-1.97 (m, 3H), 2.26 (s, 3H), 236 (s, 3H), 3.40 (s, 3H), 

28 4.59 (t. J = 3.9Hz, IH), 4.72 (d, J = 6.9Hz, IH), 4.81 (d, J = 
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1 7.0Hz, IH). 5.85 (s, IH), 6.49 (d, J = 15.1Hz, IH), 6.66 (d, J = 

2 11.3Hz, IH), 7.12 (dd, J = 11.1, 15.1Hz, IH), 736 (d, J = 83Hz, 

3 IH), 7.43 (dd, J = 2.1, 8JHZ, 11^, 7.49 (d, J = 2.0Hz, IH). 

4 Ethvl 7-[4.4-dimethvl-3.4-dihvdro-l-rtrimethvlsfloxyVnaphth-2- 

5 vl]3.7-dimet hvl-hepta-2(E^.4nE^.6rEVtrienQate (Componnd C28) 

6 To a solution of ethyl 7-{[4,4-dimetliyI-3,4-dihydroiiaphtIiaIeii- 

7 l(2H)one-7-yIj3,7-dimethyl-hepta-2(E),4(E),6(E)-trienoate 

8 (Componnd C5, 114 mg, 0.33 mmol) in anhydrous THF (10 mL) 

9 was added sodium bis-(trimethylsilyl) amide (0.36 ml, 036 mmol) 
10 at -78** C under argon. The reaction was stirred at -78 °C for 20 
It minutes. To this reaction solution was then added a solution of 

12 trunethylsilylchloride ( 70.8 mg, 0.65 mmol) in HMPA (0.1 mL) 

13 and anhydrous THF (5 ml) at -78 °C. The reaction was allowed 

14 to stir at -78 °C for 2 h. Then the reaction mixture was diluted 

15 with Et20 (25 mL) and washed with water (10 mL), brine (10 

16 mL). The organic phase was dried over MgS04 and 

17 concemtrated in vacuo to a yellow oiL The product was purified 

18 by flash column chromatograpl^ (silica, 10% EtOAc-hexane) to 

19 afford the title compound as a pale yellow oil. 

20 1h NMR (acetone-dg): S 0.26 (s, 9H), 1.23 (t, J = 7.1Hz, 3H), 

21 1.26 (s, 6H), 2.25 (m, 5H), 237 (m, 3H), 4.08 (q, J = 7.1Hz, 2H), 

22 5.15 (t, J = 4.6Hz, IH), 5.83 (s, IH), 6.48 (d, J = 15.1Hz, IH), 

23 6.65 (d, J = ILOIfe, IH), 7.13 (dd, J = 11.1, 15.0Hz, IH), 7.26 (d, 

24 J = 8.1Hz, IH), 7.40 (dd, J = 2.1, 8.1Hz, IH). 7.60 (d, J = 2.1Hz, 

25 IH). 

26 ( +A'>Ethvl 7-[4.4-dimethvl-1.2.3.4-tetrahvdro-l(RSVr2YRSV 

27 tetrahvdropvranoxv)-3.7-dimethvl-naphth-2-vl]hepta- 

28 2(E).4(E).6(E)-trienoate (Componnd C29a) 
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t r-f/-)Ethvl 7-[4.4-dimethvl-1.2.3.4-tetrahvdro-l(RSVr2YSR}- 

2 tetrahvdropyranoxv)-3.7-diTnftthvl--naphth-2-vl]hepta- 

3 2(E).4(E).6(E)-trienoate (Componnd C29b) 

4 To a solution of (-/+)etltyl 7-[4,4-dimethyI-l,23,4-tetrahydro- 

5 l-hydrojy -naphth-7-yIJ3,7-dimethyI-hepta-2(E),4(E),6(E)-trienoate 

6 (Compoiind C13, 110 mg, 03 mmol) in anlgrdrous CH2a2 (2 mL) 

7 was added 3,4-dihydro-2H-pyran (62 mg, 0.7 mmol) followed by 

8 pyridinium p-tolueiiesulfonate (10 mg, 0.04 mmol). The reaction 

9 mixture was stirred at ambient temperature for 2A h. The 

10 reaction mixture was diluted with £12© (20 mL) and washed 

11 successively with saturated NaHCX)3 (10 »water (10 mL) and 

12 brine (10 mL). The organic phase was dried over M^O^ and 

13 concemtrated in vacuo to a yellow oil. Purificaition by flash 

14 column chromatography (silica, 15% EtOAc-hexane) followed by 

15 reverse phase HPLC separation (partisil 10 ODS-2, 5% H2O- 

16 AcQ^) afforded the title compounds as pale yellow oils . 

17 (+/-)EthyI 7-[4,4-dimethyl-l,2,3,4-tetralqrdro-l(RS)-(2*(RS)- 

18 tetrahydropyrano;gr)-3,7-dimethyl~naphth-2-yl]hepta- 

19 2(E),4(E),6(E)-trienoate (Componnd C29a) 

20 iH NMR (CDa^y. S 1.25-1.31 (m, 9H). 1.52-2.03 (m, lOH), 224 

21 (s, 3H), 2.38 (s, 3H), 3.50-3.60 (m, IH), 4.01-4.07 (m, IH), 4.12 (q, 

22 J = 7.1Hz, 2H), 4.77 (t, J = 4.5Hz, IH), 4.94 (t, J = 3.5Hz, U^, 

23 5.80 (s, IH), 6.32 (d, J = 15.0Hz, IH), 656 (d, J = 11.5Hz. IH), 

24 7.02 (dd. J = 11.1, 15.0Hz, IH). 7.28 (d, J = 8.3Hz, IH), 736 (dd, 

25 J = 2.1, 8.3Hz, IH), 7.62 (d, J = 2.0Hz, IH). 

26 (+/-)Ethyl 7-[4,4-dimethyl-l,2,3,4-tetrahydro-l(RS)-(2'(SR)- 

27 tetrahydropyranoxy)-3,7-dimethyl-naphth-2-yl]hepta- 

28 2(E),4(E),6(E)-trienoate (Compound C29b) 
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1 »H NMR (CDd^y. S 1.25-132 (m, 9H), 132-Z08 (m, lOH), 2.45 

2 (s, 3H), 238 (s, 3H), 3.54-3.61 (m, IH), 3.97-4.03 (m, IH), 4.14 (q, 

3 J = 7.1Hz, 2H), 4.68 (t, J = 5.0Hz, IH), 4.87 (t, J = 4.4Hz, IH), 

4 5.81 (s, IH), 634 (d, J = 152Hz, IH), 6.54 (d, J = ll.OHz, IH), 

5 7.01 (dd, J = 11.2, 15.1Hz, IH), 730-7.40 (m, 3H) 

6 r+/-W-[4.4-Dimethvl.l.Z3.4-tetrahvdrQ.iniSVf;2*niSV 

7 tetrahvdropvranoxv)-3.7-dimethvl--naphth-2-vl]hepta- 

8 2(E).4(E).6(E)-trienoic acid (Compound C31) 

9 Employing the same general procedure as for the preparation 

10 of 7-[4,4-dimethyl-3,4-dihydro-l(2f^-<mtf-(0-ethyI oxime)-naphth- 

11 7-yI]3,7-dimetIrjrI-hepta-2(E),4(E),6(E)-triendic add (Compound 

12 CIS), (+/-)ethyl 7-[4,4-dimethyI-l,2,3,4-tetrahydro-l(RS)-(2'(RS)- 

13 tetrahydropyrano3cy)-3,7-dimetI^I-naphth-2-yI]hepta- 

14 2(E),4(E),6(E)-trienoate (Compoand C29a, 15 mg, 0.03 mmol) 

15 was converted into the title compound (white solid). 

16 ^H NMR (acetone-dg): S 1.24 (s, 3H) 1.29 (s, 3H), 1J2-2.03 (m, 

17 lOH), 2.26 (s, 3H), 237 (s, 3H), 3.56-3.61 (m, IH), 3.99-4.03 (m, 

18 IH), 4.70 (t, J = 4.5Hz, IH), 4.91 (t, J = 3.7Hz, IH), 5.80 (s, 

19 IH), 6.49 (d, J = 15.0Hz, IH), 6.66 (d, J = 113Hz, IH), 7.13 

20 (dd, J = 11.1, 15.0Hz, IH), 734 (d, J = 8.3Hz, IH), 7.42 (dd, J = 

21 2.1, 8.3Hz, IH), 7.63 (d, J = 2.0Hz, IH). 

22 7-Acetvl-l(2H)-(propvliden-2-vl)-3.4-dihvdro-4.4- 

23 dimethvlnaphthalene (Compound C33) 

24 To a solution of 7-bromo-l(2H)-(propyIiden-2-yI)-3,4-dihydro- 
2s 4,4-dimethyInaphthaIene (Compound A37, 698 mg, 2.5 mmol) in 

26 anhydrous THF (15 mL) was added (l-ethoxyvinyI)tributyltin (1.8 

27 g, 5 nmiol) and bis(triphenyIphosphine)paIIadium(IQ chloride (20 

28 mg). The resultant mixture was refluxed under argon atmosphere 
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1 for 24 h. The reaction mixture was cooled to ambient 

2 temperature and quenched with 10% HCl(5 mL), stirred for 20 

3 mimutes and extracted with Et20 (3 x 20 mL). The organic layer 

4 was washed with water (10 mL), saturated NaH003 (10 mL), 

5 brine (10 mL) and dried over MgS04. The crude material was 

6 purified by flash oolunm chromatograpl^ (silica, 5% EtOAc- 

7 hexane) to afford the title compound as a colorless oil. 

8 iH NMR (COa^): S 1.25 (s, 6H), 1.60 (t, J = 6.9Hz, 2H), 1.84 (s, 
» 3H), 1.97 (s, 3H), 2.49 (t, J = 6.9Hz, 2H), 2.57 (s, 3H), 735 (d. J 

10 = 8.3Hz, IH), 7.73 (dd, J = 2.0, 8.2Hiz, IH), 7.85 (d, J = 1.9Hz, 

11 IH). 

12 3-[ir2H)-(Propvliden-2~vnV3.4-dihvdro-4.4-dii^ftthyliiaphaialen-7- 

13 vl]but-2(E)-en-nitrile (Compound C34) 

14 To a slurry o NaH (117 mg, 4.8 mmol ) in anhydrous THF (10 

15 mL) was added a solution of ethylcyanomethylpho^honate (947 

16 mg, 5.4 mmol) in THF ( 2 mL) at -78 °C under argon 

17 atmosphere. The reaction was allowed to wairm to ambient 

18 temperature and a solution of 7-acetyl-l(2H)-(propyliden-2-yl)- 

19 3,4-dihydro-4,4-dimethylnaphthalene (Componnd C33, 394 mg, 

20 1.6 mmol) in 5 mL of THF was added dropwise. The resultant 

21 reaction was stirred for 16 h at ambient temperature and 

22 quenched with water ( 5mL). After extraction with EtOAc (2 x 10 

23 mL), the combined organic layer was dried over MgS04 

concentrated in vacuo .The crude product was purified by flash colunm 
^ chromatography (silica, 5% EtOAc-hexane) to afford the title 
^ compound as a colorless oil. 

27 1h NMR (CDOj): 8 1.24 (s. 6H), 1.60 (t, J = 7.0Hz, 2H), 1.85 (s, 

28 3H), 1.96 (s, 3H), 2.45 (s, 3H), 2.49 (t, J = 6.8Hz, 2H), 5.59 (s. 
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1 IH). 7.24-7.35 (m, 3H). 3-fir2H^-(PropvliriP n-2-vn-3.4-dihY Hrn-d.4- 

2 dimethvlnaphthalen-7-vl] but-2(E^-en.aMfthY ^^ (Comiwimd C3S) 

3 To a solution of 3-[l(2H)-(propyliden-2-yI)-3,4-dihydro-4,4- 

4 dimethylnaphthaIeii-7-yl]but-2(E)-en-oiiitrile (Compound C34, 

5 311 mg, 1.2 mmol) in anhydrous CH2O2 (10 ml) was added a 

6 solution of diisobutylaluminum hydride ( IM in CSi2^lf (^-^ ml, 

7 2.8 mmol) dropwise at -78 °C; under argon atmosphere. The 

8 reaction was allowed to stir at -78 °C for 6 h. A mixture of 

9 (10 ml) and Cii2CX2 0^ ^) added and the resiiltant gel was 
10 filtered. The filtrate was concentrated in vacuo to a yellow oil. 

ti Purification by flash column chromatography (silca, 10% EtOAc- 

12 hexane) afforded the title compound as a pale yellow ofi. 

13 iH NMR (CX>a3): S 1.26 (s, 6H), 1.62 (t, J = XOHz, 2H), 1.86 (s, 

14 3H), 1.98 (s, 3H), 2.50 (t, J = 6.9H2, 2H). 2.57 (s, 3H), 6.40 (d. J 

15 = 9.3Hz, IH), 7.35-7.39 (m, 2H), 7.45 (d, J = 1.9Hz, IH), 10.17 

16 (d, J = 7.9Hz, IH). 

*7 Ethvl-7-rir2m-rpropvliden- 2-vn-3.4-dihvdro-4.4-diniethYl- 
« naphthalen-7-vl]-3.7-dimet hvl-hept-2(F:V4<1E^.6rEVtriennafP. 

19 (Compound C36) 

20 Employing the same general procedure as for the preparation 

21 of ethyl 7-(4,4-dimethyl-3,4-dihydronaphthalen-l(2H)one-7-yI]3,7- 

22 dimethyI.hepta-2(E),4(E),6(E)-trienoate (Compound C5), 3- 

23 fl(2H)-(pr6pyliden-2-yI)-3,4.dihydro-4,4-dimethyInaphthalen-7- 

24 yI]but-2(E)-en-aIdehyde (Compound C35, 178 mg, 0.6 mmol) was 

25 converted into the title compound (pale yellow thick syrup). 

26 IH NMR (GDQj): 5 1.24 (s, 6H), 1.27 (t, J = 7.OH2, 3H), 1.60 (t, 

27 J = 6.9Hz, 2H), 1.84 (s, 3H), 1.98 (s, 3H), 2.24 (s,3H), 2.37 (s, 

28 3H), 2.48 (t, J = 6.7Hz. 2H), 4.14 (q, J = 7.1Hz, 2H). 5.79 (s, 
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1 IH), 633 (d. J = 14.9H2, IH), 6.54 (d. J = 10.9Hz. IH), 6.98 (dd, 

2 J = 11.0, 15.0Hz, iH). 7.25-7.28 (m, 2H), 736 (s, IH). 

3 

* 7-Bromo-ir2PD-rDheiivIben 2vhden-vl>.'^4-davdro^,4- 

5 dimethvln aphthalene (Compound C37) 

6 Employing the same general procedure as for the preparation 

7 of7-bromo-l(2H)-(propyIiden-2-yl).3,4-dihydro-4,4- 

8 dimethyhiaphthalene (Compound A37), 7-bromo-3,4-dihydro-4,4- 

9 dimethyInaphthaIen-l(2H)-one (Compound G, 1.0 g, 3.96 mmol) 

10 was converted into the title compound (white solid) using titanium 

11 trichloride (5 g, 32 mmol). lithium wire (0.7 g, 100 mmol) and 

12 benzophenone (800 mg, 4.4 mmol). 

13 m NMR (a^a,): S 1.31 (s. 6H), 1.66 (t, J = 6.6Hz, 2H), 2.52 (t, 

14 J = 6.8Hz, 2H), 6.92 (d, J = 1.7Hz, IH), 6.98-7.00 (m, 2H), 7.15- 

15 7.21 (m, 6H), 7.25-736 (m, 4H). 

« 7-Acetvl-l/2H>-fahenvIben zvliden-vn.3.4-dihvdrn-4.4- 

17 dimethvlna phthalene (Compound C38) 

18 Employing the same general procedure as for the preparation 
1? of 7-acetyl-i(2H)-(propyIiden-2-yl)-3,4-dihydro-4,4- 

dimethylnaphthalene (Compound C33), 7-bromo-l(2H)- 

(phenyIbenzyliden-yI)-3,4-dihydro-4,4-dimethyhiaphthaIene 
(Compound C37, 255 mg, 0.63 mmol) was converted mto the title 
compound (colorless oil) using (l-ethoxyvinyI)tributyltin (353 mg, 
0.97 mmol) and bis(triphenylphosphine)paUadium(II) chloride (20 
mg). 

iH NMR (CDa3): 8 1.34 (s, 6H), 1.70 (t. J = 6,4Hz, 2H), 1.99 (s, 
3H), 2.57 (t. J = 6.7Hz, 2H), 7.01-7.04 (m. 2H), 7.12-7.45 (m, 
28 lOH), 7.65 (dd, J = 1.9, 8.3Hz, IH). 



20 
21 
22 
23 

24 

25 

26 

27 
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1 3-n(2H)-(phenvlben2vHdeDvn-3.4-dihvdro-4.4-dimethvlnaphth-7- 

2 vI)-but-2(E^-enomtrile (C mponnd C39) 

3 Employing the same general procedure as for the preparation 

4 of 3-(l(2H)-(propyliden-2-yl)-3,4-dihydro-4,4- 

5 dimethyhiaphthyI)but-2(E)-enomtrile (Compoond C34), the 7- 

6 acetyI-l(2H)-(phenylbenzyiidenyI)-3,4-dihydro-4,4- 

7 dimethylnaphthalene (Compound 38, 206 mg, 0.56 mmol) was 

8 converted into the title compound (colorless oil) using 327 mg 

9 (1.85 mmol) of ethylcyanomethylphosphonate and 403 mg (1.68 

10 mmol) of sodium hydride. 

11 NMR (GDQj): S 134 (s, 6H). 1.70 (t, J = 6.3Hz, 2H), 2.03 (s, 

12 3H), 2.57 (t, J = 6.8Hz, 2H), 4.88 (s, IH), 7.01 ( dd, J =^.0, 

13 7.3Hz, 2H), 714-7.37 (m, IIH). 

u 3-(l(2H^-(phenvlbenzvlidenvI)-3,4-dihYdro-4.4-dimethvlnaphth-7- 
ts vI}-but-2(E)-enaldehvde (Compound C40) 

16 Employing the same general procedure as for the preparation 

17 of 3-(l(2H)-(propyIiden-2-yl)-3,4-dihydro-4,4-dimetItyInaphthyl)- 

18 but-2(E)-enaldehyde (Compound C35), 3-(l(2H)- 

19 (phenylbenzylidenyI)-3,4-dihydro-4,4-dimethylnaphth-7-yI)-but-2- 

20 enonitrile (Compound C39, 156 mg, 0.40 mmol) was converted 

21 into the title compound (pale yellow solid) using 0^9 ml (0.88 

22 mmol) of diisobufylaluminum hydride ( IM in CH2CI2)* 

23 1h NMR (0003): 5 1.35 (s, 6H), 1.70 (t, J = 6.5Hz, 2H), 2.04 (s, 

24 3H), 2.57 (t, J = 6.7Hz, 2H), 5.88 (d, J = 7.7Hz, IH), 7.02 (dd, J 

25 = 1.5, 7.4Hz, 2H), 7.12-7.36 (m, IIH), 9.98 (d, J = 7.8Hz, IH). . 

26 Ethvl 7-[4.4-dimethvI-3.4-dihvdro-l(2H>-(phenvlbenzvlidenvl)- 

27 naphth-7-vl]-3i.7-dimethvl-hepta-2(E).4(E).6(E)-trienoate 

28 (Compound C41) 
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1 Employing the same general procedure as for the preparation 

2 of ethyl 7-[4,4-dimethyI-3,4-dihydronaphthaIen-l(2H)one-7-yl]3,7- 

3 dimetItyl-hepta-2(E),4(E),6(E)-trienoate (C mponnd C5), 3- 

4 (l(2H)-(phenylbenzyIidenyI)-3,4-dihydro-4,4-dimethyhiaphth-7-yI)- 

5 but-2(E)-enaldehyde (Compound C40, 101 mg, 0.26 mmol) was 

6 converted into the title compound (pale yellow thick oil). 

7 iH NMR (COaj): S 1.28 (t, J = XUfe, 3H), 1.34 (s, 6H), 1.69 (t, 

8 J = 6.3H2, 2H), 1.85 (s, 3H), 232 (s, 3H), 2M (t, J = 6.9Hz, 2H), 

9 4.14 (q, J = 7.1Hz, 2H), 5.74 (d, J = 8.7Hz, IH), 5.77 (s, IH), 

10 6.15 (d, J = 14.9Hz, IH), 6.80 (dd, J = 11.2, 15.0Hz, IH), 7.04- 

11 7.36 (m, 13H). 

12 7-Bromo-l-(l.l-dimethvlet6vn-3.4-dihvdro-4.4- 

13 dimethvlnaphthalene (Compound C42) 

14 In a flame dried round bottom flask 7-bromo-3,4-dihydro-4,4- 

15 dimethylnaphthalen-l(2H)-one (Compound G, 2.0 g, 7.93 mmol) 

16 was dissolved in anhydrous THF (50 ml) and 3,4,5,6,-tetrahydro- 

17 2(H)-pyrimidinone (DMPU) (11.5 ml, 95.16 mmol) was added, 

18 under argon atmosphere. The reaction was then cooled to -20 °C 

19 and a solution of t-butyl magnesium chloride (16 ml, 31.7 mmol) 

20 (2 M in Et20) was added dropwise and stirred at -20 °C for 2 h 

21 and at ambient temperature for 1 h, under argon atmosphere. 

22 The reaction was quenched at 0 °C with saturated anunoniimi 

23 chloride solution (20 ml) and extracted with EtOAc (2 x 50 ml). 

24 The combined extract was washed with water (20 ml), brine (20 
2s ml) and dried over MgS04. The solvent was evaporated under 

26 reduced pressure to afford a yeDow oil. To this yellow oil were 

27 added MeOH (50 ml) and p-tolylsulfonic add (100 mg). The 

28 resultant reaction solution was heated in an oil bath (60 °C) for 3 
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1 h. The reaction was cooled and quenched with water (20 ml), 

2 extracted with EtOAc (2 x 50 ml). The combined extract was 

3 washed with saturated NaHC03 ^)* water (20 ml), brine (20 

4 ml), and dried over M^04. The solvent was concentrated in 

5 vacuo and the title compound was obtained as a colorless oil after 

6 purification by flash chromatography (silica, hexane). 

7 iH NMR (CDa3): S 1.17 (s, 6H), 1.32 (s, 9H), 2.10 (d, J = 

8 5.0Hz, 2H), 5.95 (t, J = 4.9Hz, IH), 7.13 (d, J = 83Hz, IH), 7.24 

9 (dd, J = 2.1, 8.3Hz, IH), 7.74 (d, J = 2.0Hz, IH). 

10 7-Acetvl-l-(l.l-dimethvlethvn-3.4.-dihvdro-4.4- 

11 dimethvlnaphthalene (Compound C43) 

12 Employing the same general procedure as for the preparation 

13 of 7-acetyM(2H)-(propyIiden-2-yI)-3,4-dihydro-4,4- 

14 dimethylnaphthalene (Compound C33)^ 7-bromo-l-(l,l- 

15 dimethylethyl)-3,4-dihydro-4,4-dimethylnaphthaiene (Compound 
IS C42, 539 mg, 1.84 mmol) was converted into the titie compound 

17 (white solid), using (l-ethoxywirjrl)tributyltin ( 2.6 g, 7.36 nmiol) 

18 and bis(triphenyIphosphine)paIladium(n) chloride (80 mg). 

19 iH NMR (CDa3): S 1.25 (s, 6H), 1J39 (s, 9H), 2.16 (d, J = 

20 4.9Hz, 2H), 2.60 (s ,3H), 6.00 (t, J = 4.9Hz, IH), 7.39 (d, J = 

21 8.1Hz, IH), 7.75 (dd, J = 1.7, 8.0Hz, IH), 8.29 (d, J = 1.8Hz, 

22 IH). 

23 3-[l-n.l-dimethvlethvl)-3.4-dihvdro-4.4-dimethvl-naphthvl]-2-but- 

24 2rEVenonitrile (Compound C44) 

25 Employing the same general procedure as for the preparation 

26 of 3-(l-propylidene)-1^2,3,4-tetrahydro-4,4-dimethylnaphthyI)but- 

27 2(E)-enonitrile (Compound C34), 7-acetyl-l-(l,l-dimethyletltyl)- 

28 3,4-dihydro-4,4-dimethyInaphthalene (Compound C43, 326 mg, 
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1 1.26 mmol) was converted into the title compound (white solid) 

2 using 742 mg (4.19 mmol) of etl^Iqranomethylphosphonate and 91 

3 mg (3.80 mmol) of sodium hydride. 

4 iH NMR (COa^): S 1.22 (s, 6H), 136 (s, 9H), 2.14 (d, J = 

5 4.9Hz, 2H), 2.47 (s ,3H), 5.58 (s, IH), 6.00 (t, J = 4.9Hz, IH), 

6 7.26 (dd, J = 2.0, 8.2Hz, IH), 732 (d, J = 8.1Hz, IH), 7.73 (d, J 

7 = 1.9Hz, IH). 

8 3-[l-(l.l-di methvlethvl )-3.4-dihYd ro-4.4-diTnethvl-naphtb-7-vl]-but- 

9 2<1E>-enaldehvde (Compound C45) 

10 Employing the same general procedure as for the preparation 
ti of 3-(l-propyIidene)-l,2,3,4-tetrahydro-4,4-dimetltylnaphtItyl)-but- 

12 2(E)-cnaldehyde (Compound C35), (E)- 3-(l-(l,l-dimetiQrlethyI)- 

13 3,4-dihydro-4,4-dimethylnaphthyI)-but-2)E)-enonitrile (Compoimd 

14 C45, 256 mg, 0.95 mmol) was converted into the title compound 

15 (pale yellow solid) using 2.8 ml (2.84 mmol) of 

16 diisobutylaluminum hydride ( IM in CH2Q2). 

17 iR NMR (COa^y. S 1.25 (s, 6H), 1.30 (s, 9H), 2.16 (d, J = 

18 5.0Hz, 2H), 2.60 (s, 3H), 6.01 (t, J = 4.9Hz, IH), 6.41 (d, J = 

19 7.8Hz, IH), 738 (m, 2H), 7.86 (s, IH), 10.19 (d, J = 8.0Hz, IH). 

20 Ethvl 7>[4.4-dmiethvl-3.4-dihvdro-l-<; 1 . 1 -dimftthYlethvl)-naphth-7- 

21 vl]-3.7-dimethvl-hepta-2rE).4rE).6(E)-trienoate (Compound C46) 

22 Employing the same general procedure as for the preparation 

23 of ethyl 3,7-dimethyl-7-[5,5-dimethyl-5,6,7,8-tetrahydro-8-oxo- 

24 naphth-2-yl]hepta-2(E),4(E),6(E)-trienoate (Compound C5, (E)- 3- 

25 [l-(l,l-dimethylethyl)-3,4-dihydro-4,4-dimetItyl-naphthyl]-2-butene- 

26 1-aldehyde (Compound C45, 82.6 mg, 0.29 mmol) was converted 

27 into the title compound (pale yellow solid). 

28 1h NMR (COa^): S 1.24 (s, 6H), 1.28 (t, j = 7.1Hz, 3H), 1.39 (s, 
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1 9H). 2.15 (d, J = 4.9Hz, 2H), 2.28 (s, 3H). 2.40 (s, 3H), 4.15 (q, J 

2 = 7.1Hz. 2H), 5.83 (s, IH). 5.97 (t, J = 4.9Hz, IH), 636 (d, J = 

3 15.2Hz. IH). 6.54 (d, J = 11.5Ifc. IH), 7.00 (dd, J = 11.1. 15.0Hz, 

4 IH). 7.31 (s, 2H), 7.78 (s, IH). 

s Ethvl 4-[r5.5-dim ethvl-8-hvdroxv-8-carf>ethoxvmetbvl-5.6.7.8- 

8 tetrahvdro naphth-2-.vl)azo]begzoate (Compoimd Dl) 

7 To a refluxing solution of zinc dust (0.15 g, 20 mesh, 

8 activated prior to use by washing, with 1% of hydrochloric add, 
0 water, 95% ethanol, acetone and anl^drous ether, then dried in 

10 vacuum for iseveral hours) in 6 ml of diy benzene was slowfy 

11 added a mixture of bromo ethyl acetate (0.082 ml ,0.74 mmol) and 

12 ethyl 4-[(5,5-dimethyl-5,6-dihydro-naphthalen-8(7H)-one-2- 

13 yl)azo]benzoate (Compound DIG, 0.13 g, 0.371 mmol) in 6 ml of 

14 diy benzene. The resulting mixture was refluxed for 2 h then 

15 cooled to room temperature. The precipitate was fQtered through 

16 celite and the filtrate was washed with cold 15% sulfuric acid. 

17 The organic phase was washed with saturated sodium bicarbonate, 

18 brine, dried over Na2S04, filtered and concentrated to give a red 

19 oil. Purification by flash chromatography (silica gel, 30% ethyl 

20 acetate in hexane) afforded the title compound as a red oil. 

21 IH NMR (CDQj): 5 1.28 (t, J = 7.14 Hz, 3H), 1.34 (3H, s), 1.37 

22 (s, 3H). 1.43 (t, J = 7.14 Hz, 3H)i 1.81 (m, 2H), 2.12 (ni, 2H), 

23 2.90 (q, J = 7.14 Hz, 2H). 4.22 (q, J = 7.14 Hz, 2H), 4.42 (q. J = 

24 7.14 Hz, 2H), 7.46 (d, J = 8.43 Hz, IH), 7.80 (dd, J = 2.07, 6.35 

25 Hz, IH). 7.91 (d, J = 8.55 Hz, 2H). 8.17 (d, J = 8.55 Hz, 2H), 

26 8.20 (d, J = 2.20 Hz, IH). 

27 Ethvl 4-[r5.5 -dimethvl-8(7m-rcarbethQxvmethvlidenevl)-5.6- 

28 dihvdronaphthalen-2-vnazo]ben2oate (Compoand D2a) 
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t Ethvl 4-[(5.5-dimethvl-8-rcarbethQyvinethvl)-5.6- 

2 dihvdroDaphthalen-2-vna2Q]benzQate (Componnd D2b) 

3 A solution of (+/-) ethyl 4-[(5^-dimethyl-8-hydro:gr-8- 

4 carbetho39Tnethyl-5,6,7,8-tetrahydroiiaphtIi-2-yI)azo]beiizoate 

5 (Compound Dl, 108 mg, 0.25 mmol), DCC (55.9 mg, 0.271 mmol) 

6 and Cud (36.6 mg, 037 mmol) in 8 ml of diy benzene was heated 

7 under reflux for 7 days. After cooling to room temperature, the 

8 solids were filtered out and the solution was esrtracted with ethyl 
0 acetate. The combined organic layer was washed with brine and 

10 dried over Na2S04. The sialvent was removed under reduced 

11 pressure, the crude material was purified by flash chromatography 

12 (sih'cagel, 10 % ethyl acetate in hexane) to afford the piire title 

13 compounds as red oils. 

14 Ethyl 4-[(5,5-dimethyI-8(7H)-(carbethoxymethylidenyI)-5,6- 

15 dihydronaphthalen-2-yI)azo]benzoate (Compound D2a) 

16 m NMR (GDQj): S 1.35 (m, 9H). 1.44 (t, J = 7.14 Hz, 3H), 1.79 

17 (t, j = 6.75Hz,2H), 3.29(t,J = 6.59Hz,2H),4.27(q,J = 7.14 
i« Hz, 2H), 4.44 (q, J = 7.14 Hz, 2H), 6.47 (s, IH), 7.55 (d, J = 8.42 

19 Hz, IH), 7.97 (ni,3H), 8.22 (m,3H). 

20 Ethyl 4-[(5,5-dimethyl-8-(carbethoxymethyl)-5,6- 

21 dihydronaphthalen-2-yl)a2o]benzoate (Compound D2b) 

22 iH NMR (CDOj): S 1.22 (t, J = 7.10 Hz, 3H), 1.35 (s, 6H), 1.44 

23 (t, J = 7.14 Hz, 3H), 2.32 (d, J - 4.39 Hz, 2H), 3.56 (s 21^, 4.17 

24 (q, J = 7.14 Hz, 2H), 4.44 (q, J = 7.14 Hz, 2H). 6.20 (t, J = 4.45 

25 Hz, IH). 7.48 (d, J = 8.80 Hz, IH), 7.81 (m, 2H), 7.92 (d, J = 

26 8.49 Hz, 2H), 8.20 (d, J = 8.48 Hz, 2H). 

27 Ethvl 4-[<;8(7H^-gwrf-(0-methvl onme)-5.5-dimethvl-5.6- 

28 dihvdronaphthalen-2-vnazo]ben2oate (Compound D3) 
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1 A solution of ethyl 4-[(5,5-dimethyI-5,6-dihydr6-iiaphtlialen- 

2 8(7H)-one-2-yI)azoJbenzoate (C mpoand DIO, 0.13 g, 0J71 

3 mmol) (40mg, 0.114 mmol), NaOAc (293 mg, 0.286 mmol) and 

4 methoxy amine hydrochloride (14.3 mg, 0.137 mmol) in 3 mi of 

5 EtOH and 2 ml of THF was stirred at room temperature for two 

6 weeks. The solvent was distHIed off and the residue was diluted 

7 with ethyl acetate. The solution was washed with NaHCOj (sat), 

8 water, brine and dried over Na2S04, The solvent was removed 

9 under reduced pressure, the residue was purified by flash 

10 chromatography to afford the title compound as a red solid (34.8 
" mg). 

12 IH NMR (COa^y. S 1.35 (s, 3H), 1.44 (t, J = 7.14 Hz, 3H), 1.78 

13 (t, J = 6.96 Hz, 2H), 2.83 (t, J = 6.90 Hz, 2H), 4.06 (s, 3H), 4.43 

14 (q, J = 7.14 Hz, 2H), 7.51 (d, J = 8.48 Hz, IH), 7.82 (dd, J = 

15 2.20, 6.35 Hz, IH), 7.96 (d, J = 8.55 Hz, 2H), 8.21 (d, J = 8.48 

16 Hz, 2H), 8.56 (d, J = 2.14 Hz, IH). 

'7 4-[r8r7m-./47 2ft-rO-methvloximet-5^-dimethvl-5.6- 

w dihvdronap hthalen-2-vnazo]beDzoicacid (Compound D4) 

19 A solution of ethyl 4-[(8(7H)-fl/ift-(0-methyl oxime)-5,5- 

20 dimethyl-5,6-dihydronaphthalen-2-yl)azo]benzoate (Compound 

21 D3, 57.7 mg, 0.16 mmol) and 2 ml of aqueous NaOH (12%) in 4 

22 ml of THF and 2 ml of EtOH was stirred overnight at room 

23 temperature. The reaction was acidified with 10% HQ (to pH 4 

24 and extracted with EtOAc. The combined organic layer was 

25 washed with water and brine, and dried over Na2S04. Solvent was 

26 removed under reduced pressure ot afford the title compound as a 

27 red solid. 

28 IH NMR (acetohe-dg): S 1.35 (s, 3H), 1.78 (t, J = 6.96 Hz, 2H), 
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1 2.82 (t, J = 6.90 Hz, 2H), 4.00 (s, 3H). 7.67 (d, J = 8.54 Hz. IH), 

2 7.90 (dd, J = 2.20. 6.59 Hz, IH). 8.03 (d, J = 8.66 Hz, 2H), 8.24 

3 (d, J = 8.48 Hz. 2H), 8.54 (d, J = 2.14 Hz, IH). 

4 Ethvl 4 -[r5.5-dmiethv!-8-hvdro3tv-5.6.7 «- 

5 tetrahvdro naphthalen-2-vi^a2o]ben2Qate (Compoahd D5) 

6 To a solution of ethyl 4-[(5,5-dimethyI-5,6-dihydro- 

7 naphthalen-8(7H)-one-2-yI)azo]benzoate (Componnd D10» 60 

8 mg, 0.171 mmol) in 2 ml of THF and 7 ml of EtOH at 0 °C was 

9 added NaBH4 (P-^ ^& 0-171 mmol) and the mixture stirred for 3 

10 h. The reaction was quenched by slow addition of cold water. 

11 Solvent was removed under reduced pressure and the/esidue was 

12 extracted with ethyl acetate. The organic layer was washed with 

13 brine, dried (MgjSO^) and solvent removed under reduced 

u pressure. The crude product was purified by flash chromatography 

15 (silica, ethyl acetate/hexane, 1 : 3) to afford the title compound as 

16 a red oil. 

17 IH NMR (COa^y, S 131 (s, 3H), 138 (s, 3H), 1.43 (t, J = 7.14 

18 Hz, 3H), 1.68 (m, IH), 1.92 (m, 2H), 2.13 (m, IH), 4.42 (q, J = 

19 7.14 Hz, 2H), 4.85 (m, IH), 7.49 (d, J = 8.48 Hz, IH), 7.85 (dd, J 

20 = 2.2, 6.29 Hz, IH), 7.94 (d, J = 8.61 Hz, 2H), 8.05 (d, J = 2.13 

21 Hz, IH), 8.20 (d, J = 8.55 Hz, 2H). 

22 f ^/-^ Ethvl 4-[(5.5-diniftt hvl-8-rmethoxvmethvloxvV5.6.7^«- 

23 tetrahvdro naphthalen-2-vna2o]ben2oate (Compound D6) 

24 To a solution of (+/-) ethyl 4-[(5,5-dimethyl-8-hydrojy- 

25 5,6, 7,8-tetrahydronaphthaIen-2-yI)azo]benzoate (Compoimd D5, 

26 49.7 mg, 0.141 mmol) in 4 ml of diy CH2CI2 at 0 **C was added 

27 isopropyl ethyl amine (0.152 ml. 0.847 mmol) followed by 

28 chloromethyl methyl ether (0.0323 ml. 0.423 mmol). The reaction 
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1 miicture was stirred at room temperature for 12 h. Solvent was 

2 removed under reduced pressure, the residue was dissolved in 

3 ethyl acetate and the solution was washed with NaHCXDj (sat.), 

4 and brine. The organic layer was dried (M^O^, The solvent 
s was removed under reduced pressure, the residue was purfied by 

6 flash chromatography (silica, ethyl acetate : hezane, 1:3) to 

7 afford the title compound as a red oil. 

8 IH NMR (COa^: 8 131 (s, 3H), 139 (s, 3H), 1.43 (t, J = 7.08 

9 Hz, 3H), 1.64 (m, IH), 2.07 (m, 31^, 3.52 (s, 3H), 4.43 (q, J = 

10 7.08 Hz, 2H), 4.75 (t, J = 5.06 Hz, IH), 4.84 (d, J = 6.90 Hz, IH), 

11 4.93 (d, J = 6.90 Hz, IH), 7.50 (d, J = 8.43 Hz, IH), 7.83 (dd, J 

12 = 2.19, 6.29 Hz, IH), 7.95 (m, 3H), 8.19 (d, J = 8.55 Hz, 2H). 
" ( 4-[r5. 5-Dimetbvl-8-rmethoxvmetbvloxv^-5.6,7,«- 

14 tetrahvdro naphthalen-2-viVa2o]benzoic acid (Compoand D7) 

15 Using the same procedure as for the preparatron of 4- 
is [(8(7H)-w/irf-(0-methyl oxime)-5,5-dimethyI-5,6- 

17 dihydronaphthaIen-2-yI)azo]benzoic add (Compound D4), (+/-) 

18 ethyl 4-[(5,5-dimethyl-8-(methoxymethyloxy)-5,6,7,8- 

19 tetrahydronaphthalen-2-yl)azo]benzoate (Compoiind D6, 34 mg, 

20 0.093 mmol) was converted into the title compound (red solid). 

21 IH NMR (acetone-dg): S 132 (s, 3H), 1.37 (s, 3H), 1.63 (m, IH), 

22 1.99 (m, 3H), 3.45 (s, 3H), 4:75 (t, J = 6.1 Hz, IH), 4.80 (d, J = 

23 6.96 Hz, IH), 4.89 (d, J = 6.96 Hz, IH), 7.62 (d, JT = 8 J5 Hz, 

24 IH), 7.84 (dd, J = 2.19, 6.29 Hz, IH), 8.00 (m, 3H), 8.22 (d, J = 
2s 835Hz,2H). 

as 3.4-dihvdr o-4.4-dimethvl-7-nitro-naphthalen-ir2H>-one 

27 (Compound D8) 

28 To 1.7 mL (3.0g, 30.6 mmol, 18M) H2SO4 at -5iC (ice-NaQ 
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1 bath) was slowly added 783.0 mg (4.49 mmol) of 3,4-dihydro-4,4- 

2 dimethyl-naphthaIen-l(2H)-one. A solution of HNO3 (426.7 mg 

3 6.88 mmol, 0.43 mL, 16M) , and IJlg (0.013 mol, 0.74 mL, 18 M) 

4 of H2SO4 were slowly added. After 20 min, ice was added and 

5 the resulting mixture was extracted with EtOAc. The combined 

6 extracts were concentrated under reduced pressure to give a 

7 yellow oil from which the title compound, a pale yellow solid, was 

8 isolated by column chroiniatography (10% EtOAC / hexanes). 

9 iH NMR (COa^) : S 8.83 (IH, d, J = 2.6 Hz), 8.31 (IH, dd, J = 

10 2.8, 8.9 Hz), 7.62 (IH, d, J = 8.7 Hz), 2.81 (2H, t, J = 6.5 Hz), 

11 2.08 (2H, t, J = 6.5 Hz), 1.45 (6H, s). 

t2 3.4-dihvdro -4.4-dimethyl-7-amino-naDhthalen-l(2H)-one ^ 

13 (Compound D9) 

14 A solution of 230.0 mg (1.05 mmol) 3,4-dihydro-4,4- 

15 dimethyI-7-mtro-naphthalen-l(2H)-one (Compound D8) in 5.0 mL 

16 of EtOAc was stirred at room temperature with a catalytic amount 

17 of 10% Pd-C under 1 atm of H2 for 24 h. The catalyst was 

18 removed by filtration through a pad of Celite, and the filtrate 

19 concentrated under reduced pressure to give the title compound 

20 as a dark green oil. 

21 iH NMR (CDO^) :J 7.30 (IH, d, J = 2.7 Hz). 7.22 (IH, d, J = 

22 8.4 Hz), 6.88 (IH, dd, J = 17, 8.5 Hz), 2.70 (2H, t, J = 6.6 Hz), 

23 1.97 (2H, t, J = 6.6 HZ), 1.34 (6H, s). 

24 Ethvl 4-fr5.6-dihvdro.5.5-dimethvl-8r7H) -one-naphthalen.2- 
2s vnazo]-benzoate (Compomid DID) 

26 To a solution of 198.7 mg (1.05 mmol) 3,4-dihydro-4,4- 

27 dimethyI-7-amino-naphthaIen-l(2H)-one (Compound D9) in 5.0 

28 mL glacial acetic acid was added 180.0 mg (1.00 mmol) of ethyl 4- 
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1 nitrosobenzoate. The resulting solution was stirred overnight at 

2 room temperature, and then concentrated under reduced pressure 

3 The product was isolated from the residual oil as a red solid* by 

4 column chromatography (15% EtOAc - hexanes). 

5 iH NMR (CDaj) : 5 8.57 (IH, d, J = 2.0 Hz), 8.19 (2H, d, J = 

6 8.4 Hz), 8.07 (IH, d, J = 8.0 Hz), 7.94 (2H, d. J = 8.4 Hz), 7.58 

7 (IH, d, J = 8.6 Hz), 4.41 (2H, q, J = 7.1 Hz), 2.79 (2H. t, J = 6.6 

8 Hz), 2.07 (2H, t, J = 7.02 Hz). 1.44 (6H, s), 1.42 (3H, t, J = 7.1 
8 Hz). 

10 Ethyl 4-[(5.6-dihvdro-5.5-dimethvl-8-(trifluoromethvlsuIfonyl)oxv- 

11 naphthalen-2-vl)azo]-benzoate (Compound Dll) 

12 To a solution of 90.4 mg sodium bis(trimetl^lsi^)amide 

13 (0.48 mmol, 0.48 mL of a 1.0 M THF solution) in 2.0 mL TEIF at 

14 -78iQ was added 153.0 mg (0.437 nmiol) of etlqrl 4-[(5,6-dihydro- 

15 5,5-dimethyI-8(7H)-one-naphtfaaIen-2-yl)azo]-benzoate (Compound 

16 DIO) in 2.0 mL TEiF. The dark red solution was stirred at -78\C 

17 for 30 min and then 204.0 mg (0.520 mmol) 2-[N,N' 

18 bis(trifIubromethylsulfonyl)amino]-5-chloropyridine was added as a 

19 solution in 2.0 mL THF. The reaction mixture was aUowed to 

20 warm to room temperature and after 3 h was quenched by the 

21 addition of H2O. The organic layer was concentrated to a red oil 

22 under reduced pressure. Hie product was isolated: by column 

23 chromatography (25% EtOAc / hexanes) as a red oil. 

24 1h NMR (GDOj) : d 8.21 (2H, d, J = 8.6 Hz), 7.96 (2H, d, J = 

25 8.6 Hz), 7.94 (2H, m), 7.49 (IH, d, J = 8.2 Hz), 6.08 (IH, t, J = 

26 2.5 Hz), 4.42 (2H, q, J = 7.1 Hz), 2.49 (2H, d, J = 4.8 Hz), 1.44 

27 (3H, t, J = 7.1 Hz), 1.38 (6H, s). 

28 Ethvl 4-[(5.5-dimethvl-8^r2-thienvl)-5.6-dihvdronaphthalen-2- 
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1 vl)azo]ben2oate (Compound D12) 

2 To a cold solution (-78 C) of thiophene (0.07 ml, 0.75 

3 mmol) in 1.5 ml of THF was added t-BuLi (0.457 ml, 0.75 mmol, 

4 ir? M in pentane) and stirred for 2 h. To this solution, ZJ1CI2 (168 

5 mg, 1.2 mmol) in 1.5 ml of THF was added. The resulting 

6 solution was warmed to room temperature, stirred for Ih and was 

7 added (via cannula) to a solution of etl^l 4-[(5,6-di]^dro-54- 

8 dimet]^I-8-tnfiuorometI^lsulfoi^Io:iy-naphthaIen-2- 

9 yI)a2o]benzoate (Compound Dll, 150 mg, 0.30 mmol) and 

10 tetrakis(triphenylphosphine)paIIadium(0) (10.6 mg) in 2.5 ml of 

11 THF. The resulting mixture was heated at 50 °C for 2.5 h. The 

12 reaction was diluted with sat. aqueous NH4a and extracted with 

13 ethyl acetate. The combined organic layer was dried over Na2S04 

14 and concentrated to an oil. The crude product was purified by 

15 flash chromatography (silica, ethyl acetate : hexane 5 : 95) to 
IS afford the title compound as a red foam. 

17 IH NMR (GDOj): S 1.40 (s, 6H), 1.44 (t, J = 7.14 Hz, 3H), 2.41 

18 (d, J = 4.82 Hz, 2H), 4.42 (q, J = 7.14 Hz, 2H), 6.29 (t, J = 4.83 

19 Hz, IH), 7.14 (m, 2H), 7J2 (dd, J = 1.52, 3.36, IH), 7.53 (d, J = 

20 8.31 Hz, IH), 7.84 (dd, J = 2.08, 6.17 Hz, IH), 7.92 (d, J = 8;60 

21 Hz, 2H), 8.03 (d, J = 2.07 Hz, IH), 8.18 (d, J = 8.61 Hz, 2H). 

22 4-[(5.5-Dimethvl-8-(2-thienvIV5.6-dihvdronaphthalen-2- 

23 yl)a2o]benzoic acid (Componnd D13) 

24 Using the same procedure as for the preparation of 4- 
2s [(8(7H)-anft*-(0-methyl oxime)-5,5-dimetl^I-5,6- 

26 dihydronaphthalen-2-yI)azo]benzoic add (Componnd D4), ethyl 4- 

27 [(5,5-dimethyI-8-(2-thienyI)-5,6-dihydronaphthaIen-2- 

28 yl)a2o]benzoate (Compound 12, 100 mg, 0.258 mmol) was 
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1 converted into the title compound (red solid). 

2 IH NMR (acetoneKlg): S 1.40 (s, fiH), 2.43 (d, J = 4.83 Hz, 2H), 

3 2.82 (b, IH), 6 32 (t, J = 4.88 Hz, IH), 7.19 (m, 2H), 7JfO (d, J = 

4 4.88 Hz, IH), 7.65 (d, J = 8.24 Hz, IH), 7.95 (m, 4H), 8.21 (d, J 

5 = 8-55 Hz, 2H). 

6 3.4-dihvdrQ -4.4-dinie thvl-7-acetvl-naphthfllen-l(2H)-one 

7 (Compoand D14a): a nd ^^4^ihY^m-d,d-^tm ethvI«6-acetvl- 
s naphthalen-l(2H)-one (Compound D14I0 

» To a cold (0® C) mixture of aluminum chloride (263 g, 

10 199.0 mmols) in dichloromethane (55 mL) were added 

11 acetylchloride (15 g, 192 mmols) and l,2,3,4-tetrahydro-l,l- 

12 dimethylnaphthaiene (24.4g, 152mmols) in dichloromethane (20 

13 mL) over 20 minutes. The reaction mi}cture was warmed to 

14 ambient temparature and sdrred for 4 h. Ice (200 g) was added to 

15 the reaction flask and the mixture diluted with ether (400 mL). 

16 The layers were separated and the organic phase was washed with 

17 10% HQ (50 mL), water (50 mL), 10% aqueous sodium 

18 bicarbonate, and saturated aqueous NaO (50 mL) and thereafter 

19 dried over MgS04. The solvent was removed by distillation to 

20 afford a yellow oil which was dissolved in benzene (50 mL). 

21 To a cold (0® C) solution of acetic acid (240 mL) and 

22 acetic anhydride (120 mL) was added chfomiumtrioxide (50 g, 503 

23 mmols) in small portions over 20 mins under argon. The mixture 

24 was stirred for 30 mins at 0" C and diluted with benzene (120 

25 mL). The benzene solution prepared above, was added with 

26 stirring via an addition funnel over 20 mins. After 8 h, the 

27 reaction was quenched by the careM addition of isopropanol (50 

28 mL) at 0* C, followed by water (100 mL). After 15 mins, the 
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1 reaction mixture was diluted with ether (1100 mL) and water (200 

2 mL), and then neutralized with solid sodium bicarbonate (200 g). 

3 The ether layer was washed with water (100 mL), and saturated 

4 aqueous NaQ (2 x 100 mL), and dried over MgSO^. Removal of 

5 the solvent under reduced pressure a£forded a mixture of the 

6 isomeric diketones which were separated by chroimatography ( 5% 

7 EtOAc / hexanes). 

8 (Compound D14a): *H NMR (CDOj) : d 8.55 (IH, d, J = 2.0 

9 Hz), 8.13 (IH, dd, J = 2.0. 8.3 Hz), 7.53 (IH, d, J = 8.3 Hz), 2.77 

10 (2H, t, J = 6.6 Hz), 2.62 (3H, s), 2.05 (2H,t, J = 6.6 Hz), 1.41 

11 (6H,s). 

12 (Compound D14b): % NMR (CDOj) : d 8.10 (IH, i J = 8.1 

13 Hz), 8.02 (IH, d, J = 1.6 Hz), 7.82 (IH, dd, J = 1.6, 8.1 Hz), Z77 

14 (2H, t, J = 7.1 Hz), 2.64 (3H, s), 2.05 (2H, t, J = 7.1 Hz), 1.44 

15 (6H, s). 

16 6-(2-methyl-lJ-dioxolan-2-vl)-3.4 -^ihyrfrn-d, 4-dimethvlnaphtha1en- 

17 l(2m-one (Compound D15) 

18 A solution of 1.80 g (834 mmol) of a 1:5 mixture of 3,4- 

19 dihydro-4,4-dimethyl-7-acefyl-naphthaIen-l(2H)-one (Compound 

20 D14a); and 3,4-dihydro-4,4-dimetI^l-6-acetyI-naphthalen-l(2H)- 

21 one (Compound D14b) in 50 mL benzene was combined with 

22 517.7 mg (8.34 mmol) of ethylene gfycol and 20.0 mg (0.11 mmol) 

23 of/^•toIuenesuIfonic add monol^drate. The resulting solution was 

24 heated to reflux for 18 h, cooled to room temperature, and 

25 concentrated under reduced pressure. The title compound was 

26 isolated by column chromatography (10% EtOAc - hexanes) as a 

27 colorless oil. 

28 1h NMR (0003) : S 8.01 (IH, d, J = 8.2 Hz), 7.51 (IH, s), 7.43 
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1 (IH, dd, J = 1.7, 6.4 Hz), 4.07 (2H. m), 3.79 (2H, m), 2.74 (2H, t, 

2 J = 63 Hz), Z04 (2H, t, J = 7.1 Hz), 1.67 ( 3H, s), 1.46 (6H. s). 

3 ( +/-) 6-/2-Methvl-1.3-diox olan-2-vn]-1.2J?.4^tetrabvdrQ^.4. 

4 dimethvl-l-hvdrQxv» 

s l-rcarbQethoxvmethvl)-naphthlene (Compoimd D16) 

e Using the same procedure as for the preparation of ethyl 4- 

7 [(5,6,7,8-tetrahydr6-54-dimethyI-8-hydroxy-8- 

8 (carboethoj!ymethyI)naphthaIen-2-yI)azo]benzoate, 6-(2-methyI-l,3- 

9 dioxoIan-2-yI)]-3,4-dihydro-4,4-dimethyhiaphthaIeii-l(2H)-one 

10 (Compound Dl), 6-(2-methyI-l,3-diox6lan-2-yl)-3,4-d%dro-4,4- 

11 dimethyhiaphthalen-l(2H)-one (Compound DlS, 300 ^ 1.15 

12 mmol) was converted to the title product (321 mg, light yellow 

13 oil), using zinc dust (0.5 g, pretreated) and bromo ethyl acetate 

14 (0.256 ml, 0.30 mmol) in 10 ml of benzene. 

15 IH NMR (COa^: S 1.29 (t, J = 7.08 Hz, 3H), 1 JO (s, 3H), 132 

16 (s, 3H), 1.65 (s, 3H), 2.06 (s, 2H), 2.80 (q, J = 1.45 Hz, 2H), 3.77 

17 (m, 2H), 4.05 (m, 2H), 4.13 (q, J = 7.14 Hz, 2H), 422 (q, J = 

18 , 7.14 Hz, 2H), 7.30 (dd, J = 1.71, 6.54 Hz, IH), 7.42 (4 J = 1.77 

19 Hz,lH),7.53.(d,J = 8.18Hz,lH). 

20 3.4-Dihvd ro-4.4-dimethvl-l-rcarboethoxvmethvn-6-acetyl- ... 

21 naphthalene (Compound D17) 

22 A solution of (+/-) 6-(2-methyi-l,3-dioxolan-2-yl)-lA3,4- 

23 tetrahydro-4,4-dimethyl-l-hydrojy-l-(carboetho37methyI)- 

24 naphthlene ((Compound D16, 321 mg, 0.90 mmol) and catalytic 

25 amount of TsOH in 20 ml of benzene was refluxed for 12 h. 

26 During the reaction the water generated from the reaction was 

27 periodically removed by a Dean-Stark trap. The solvent was 

28 removed and the residue was purified by column chromatography 
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1 (silica, ethyl acetate/hexane (1/3)) to give the tiUe compound as ai 

2 oil (215 mg). 

3 IH NMR (GDQj): S 12D (t, J = 7.14 Hz, 3H), 1.33 (s, 6H). 230 

4 (d, J = 3.42 Hz, 2H), 2.60 (s, 3H), 3.50 (s, 2H), 4.16 (q, J = 7.14 

5 Hz, 2H), 6.06 (t, J = 4.64 Hz, IH), 7.28 (d, J = 2.80 Hz, IH), 7.76 

6 (, J = 134, 6.10 Hz, IH), 7.93 (s, IH). 

7 ^)-4-f3-(3.4-^iihvdro-4^4-dtm ethvl-1-(carboethoitvmeth^^^^ 

s naphthalen-6-vn-prop-l- en-3-one]bengoigariH (Componnd D18) 
» To a solution of 3,4-dihydro-4,4-dimethyI-l- 

10 (carboethoxymethyI)-6-acetyl-naphthaIene ((Compound D17, 25 

11 mg, 0.10 mmol) and 4-carbo3grbenzaldehyde (17 mg, 0.13 mmol) in 

12 2 ml of MeOK was added aqueous NaOH (0.75.mi, The 

13 reaction mixture was stirred at room temperature for overnight 

14 and quenched by addition of 10 % HQ to pH = 4.0. The solvent 

15 was removed and extracted ethyl acetate, the combined organic 
IS layer was washed with water. The organic layer was dried and 

17 concentrated to a white solid. This white solid was dissolved in 1 

18 ml of DMF. To this solution was added DMAP (15.2 mg, 6.12 

19 mmol), EbC (22 mg, 0.11 mmol) and 03 ml EtOH. The reaction 

20 mixture was stirred at room temperature for 5 h and concentrated 

21 in vacuo. The residue was passed through a chromatographic 

22 column with ethyl acetate/hexane (179) to give the title cpmpound 

23 as a light tan solid. 

24 IH NMR (CDO^: S 1.21 (t, J = 7.14 Hz, 3H), 136 (s, 6H), 1.42 

25 (t, J = 7.14 Hz, 3H), 2.33 (d, J = 4.46 Hz, 2H), 4.13 (q, J = 7.14 

26 Hz, 2H), 4.41 (q, J = 7.14 Hz, 2H), 6.09 (t, J = 4.79 Hz, IH), 7.32 

27 (d, J = 8.05 Hz, IH), 7.60 (d, J = 15;6 Hz, IH), 7.70 (d, J = 836 

28 Hz, 2H), 7.80 (s, IH), 7.85 (d, J = 8.12 Hz, IH), 8.00 (d, J = 1.77 
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t Hz,lH), 8.10(d,J = 836Hz,2H). 

2 3.4-Dihvdro -4.4-dimethvl-6-acetvl-l»ri . 1 -dimethylethvnnap hthalenft 

3 (Compound D19) 

4 To a solution of 6-(2-methyl-l,3-dioxoIaii-2-yI)]-3,4-dihjrdro-. 

5 4,4-dimethyInaphthIeii-l(2H)-one ((Compoimd D15, 353 mg, 1 36 

6 mmol) in 3 ml of diy ether at -78 °C was added dropwise t-BuLi 

7 (1 ml, 1.7 mmol, 1.7 M solution in pentane). This clear light 

8 yellow solution was left at -78 ®C for 30 min. Then, freshly 

9 distilled SOQj (0.15 ml, 2.0 mmpl) was added. The reaction 

10 mixture was stirred at -78 **C for additional 30 min and thereafter 

11 slowly warmed to room temperature. The reaction was quenched 

12 by addition of saturated NH4a. The white solids were removed 

13 by filtration and the clear solution was concentrated to an oil, and 

14 purified by colunm chromatography with etbyl acetate/hexane 

15 (1/10) to give the title compound as a yellow oil. 

16 NmR (CDCl^y. S 7.92 (d, J = 1.79 Hz, IH), 7.76 (dd, J = 

17 1.80, 8.23 Hz, IH), 7.73 (d, J = 8.23 Hz, IH), 6.10 (t, J = 4.98 

18 Hz, IH), 2.58 (s, 3H), 2.18 (d, J = 5.00 Hz, 2H), 134 (s, 9H), 1.25 

19 (s, 6H). 

20 

21 n5)-4-[3-r3. 4-Dihvdro-4.4-dimethvM-ri.l-dimethvl-ethvnnaphth-6- 

22 vn-prop-l-en-3-ODe]benzoic acid (Compound D20) 

23 To a solution of 3,4-dihydro-4,4-dimethyl-6-acelyI-l-(l,l- 

24 dimethylethyl)naphthalene (Compound D19, 60 mg, 0.234 mmol) 

25 and 4-carbo:iybenzaldehyde (35 mg, 0.233 mmol) in 5 ml of EtOH 
28 and 1 ml of THF was added 3 ml of 1 M aqueous NaOH. The 

27 yellow reaction mixture was left overnight when it turned red and 

28 then quenched with 6% HQ until it became yellow again. The 
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1 solvent was removed and the residue was dissolved in thyl 

2 acetate. The organic solution was washed with brine and dried. 
. 3 After evaporation of the solvent, the r sidue was purified by 

4 reciystallization from ethyl acetate to give 28 mg title compound 

5 as yellow crystals. 

6 IH NMR (CDaj): 8 8.15 (d, J = 8J1 Hz, 2H), 8.00 (d, J = 1.80 

7 Hz, IH), 7.86 (dd, J = 1.83, 8.24 Hz, IH), 7.83 (d. J = 15.82 Hz, 

8 IH), 7.78 (d, J = 8.48 Hz, IH), 7.74 (d, J = 831 Hz, 2H), 7.65 (d, 

9 J = 15.87 Hz, IH), 6.13 (t, J = 5.0 Hz, IH), 2.21 (d, J = 4.9 Hz, 

10 2H), 1.38 (s, 9H), 1.30 (s, 6H). 

11 6-Bromo-l(2H)-(propvliden-2-vl)-3.4-dihydro-4.4- 

12 dimethvlnaphthalene (Compound D21) 

13 To a mixture of TiQj (5 g, 32 mmol) of in 80 ml of diy 

14 DME under argon atmosphere was added in small portions 

15 lithium wire (0.80 g, 92 mmol). The reaction mixture was heated 

16 at 85 °C for 1 h and then cooled to room temperature. To the 

17 above solution was added a mixture of 6-bromo-3,4-dihydro-4,4- 

18 dimethylnaphthalen-l(2H)-one (Compioand H» 1.00 g, 4.0 mmol) 

19 in 10 ml of dry DME and 10 ml of diy acetone through a cannula. 

20 The resulting mixture was heated to reflux and was left for 12 h 

21 and then cooled to room temperature. The reaction mixture was 

22 diluted with 80 ml of hexane and then filtered through florid 

23 Purification by column chromatography with pure hexane as the 

24 eluent gave the title compound as a clear oil. 

25 IH NMR (COa^y. 8 1.23 (s, 6H), 1.60 1, J = 7.09 Hz, 21^, 1.82 

26 (s, 3H), 1.92 (s. 3H), 2.49 (t, J = 6.60 Hz, 2H). 7.10 (d, J = 830 

27 Hz, IH), 7.26 (dd, J = 1.95, 6.05 Hz, IH), 7.40 (d, J = 2.08 Hz, 

28 IH). 
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1 6-Acetvl-l(2H)-(propvliden-2-vl)-3.4-dihvdm-4.4- 

2 dimethvlnaphthalene (Compound D22) 

3 To a solution of 6-bromo-l(2H)-(propyliden-2-yI)-3,4- 

4 dihydro-4,4-dimethyInaphthalene (Compound D21, 910 mg, 3.3 

5 mmol) and bis(triphenylphosp]iine)pa]ladium(IQ chloride (100 mg, 

6 0.14 mmol) of in 50 ml of DMF under argon was added (1- 

7 ethoxyvinyl)tributyl tin (1.713 ml, 5.07 mmol). The resulting 

8 reaction mixture was heaited at 85 °C for 48 h and cooled down to 

9 room temperature. The reaction was quenched with 15 ml of 10% 

10 HQ and then diluted with ethyl acetate. The organic layer was 

11 washed with brine and dried over Mg30^. Purification by column 

12 chromatography with pure hexane afforded the title compound as 

13 a yellow oil (410 mg). 

14 IH NMR (CDQj): S 1.28 (s, 6H), 1.64 (t, J = 6.99 Hz, 2H), 1.86 

15 (s, 3H), 1.97 (s, 3H), 2.53 (t, J = 6.6 Hz, 2H), 2.61 (s, 3H), 731 

16 (d, J = 8.06 Hz, IH), 7.74 (dd, J = 1.96, 6.10 Hz, IH), 7.92 (d, J 

17 = 1.89 Hz, IH). 

.18 

19 rE')-4[3-n(2m-(propvIiden-2-vn-3.4-dihvdrQ-4.4- 

20 dimethvbiaphthalen.6-vl >-prop- l-en-3-one]benzoic add 

21 (Compound D23) 

22 The title compound can be obtained by following the 

23 procedure employed for the preparation of (E)-4-[3-(3,4-dihydfo- 

24 4,4-dimethyI-l-(carboetho3cymethyI)-naphthalen-6-yl)-prop-l-en-3- 

25 onejbenzoic acid (Compound D18). 

26 l-Hvd roxv-6-(1.3-dioxolan-2-vl)]-1.2.3.4-tetrahvdro-4.4- 

27 dimethvlnaphthalene (Componnd D24} 

28 To a solution of 6-(l,3-dioxoIan-2-yI)j-3,4-dihydro-4,4- 
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1 dimethyIiiaphthaIeii-l(2H)-oiie (Compound D15, 110 mg, 0.42 

2 mmol) in 6 ml of EtOH at 0 ®C was added NaBH4 (16 mg, 0.42 

3 mmol). The reaction mixture was stirred for 4 h and kept in a 

4 freezer for overnight. The reaction was quenched with slow 

5 addition of cold water and extracted with ethyl acetate. The 

6 organic layer was dried and concentrated to an oil. Purification by 

7 colimm chromatography with eibyl acetat^exane (1/3) gave the 

8 title compound as a clear 63. 

9 IH NMR (CDOj): S 1.26 (s, 3H), 1.34 (s, 3H), 1.65 (s, 3H), 1.61 
10 (m, IH), 1.89 (m, 2H), 2.07 (m, IH), 3.74 (m, 2H), 4.05 (m, 2H), 
it 4.74 (t, J = 5.10 Hz, IH), 7.30 (dd, J = 1.65, 6.16, IH), 7.41 (d, J 

12 =7.94Hz,lH), 7.45(d,J = l.^Hz,lH). ^ < 

13 (+/-) l-Hvdroxv-6^acetvM.l3.4-tetrahvdro-4.4-diTnftthYl- 

14 naphthalene (Compound D25) 

15 A solution of l-hydro35r-6-(l,3-dioxoIan-2-yl)]-l,2,3,4- 

16 tetrahydro-4,4-dimethyInaphthalene (Compound D24, 54.9 mg, 

17 0.21 mmol) in 3 ml of 10% HQ and 3 ml THF was heated at 100 

18 °C for U h and cooled to room temperature. The reaction 

19 mixture was diluted with ethyl acetate and neutralized with sat. 

20 NaHCOj. The orgamc layer was further washed with brine, dried 

21 and concentrated to an oil. Purification by column 

22 chromatography (silica) with ethyl acetate/hexane (1/9) gave the 

23 title compound as a clear oil (24.8 mg). 

24 IH NMR (CDaj): S 1.29 (s. 3H), 1.34 (s, 3H), 1.66 (m, IH), 1.89 

25 (m, 2H), 2.10 (m, IH), 2.56 (s, 3H), 4.75 (t, J = 4.90, IH), 7M (d, 

26 J = 8.18 Hz, IH), 7.75 (dd, J = 1.83, 6.29 Hz, IH), 7.94 (d, J = 

27 1.77 Hz, IH). 

28 l-(Methoxvmethvloxv)-6-acetvl-1.2J.4-tetrahydro-4.4- 
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1 dimethvl-naphthalene (Compoiind D26) 

2 A solution of (+/-) l-Igrdro39r-6-acetyl-l,2,3,4-tetraliydro-4,4- 

3 dimetfayl-naphthalene (Compoond D25, 24.8 mg, 0.11 mmol), 

4 chloromethyl methyl ether (0.12 mmol), triethyl amine (0.02 ml, 

5 0.13 mmol) and catalytic amount of tetrabutylanimonium bromide 

6 in 2 ml of CH2Q2 was stirred at room temperature for 5 h. 

7 Purification by column chromatography (silica) with ethyl 

8 acetate/hexane (1/10) afforded the title compound as an oil (17.8 
» mg). 

10 IH NMR (GDQj): 5 7.95 (d. J = 1.7 Hz, IH), 7.73 (dd, J = 1.7, 

11 8.4 Hz, IH), 7.44 (d, J = 8.4 Hz, IH), 4.88 (d, J = 6.41 Hz, IH), 

12 4.76 (d, J = 6.41 Hz, IH), 4.67 (m, IK), 3.48 (s, 3H). ±59 (s, 3H), 

13 2.00 (m, 3H), 1.58 (m, IH). 137 (s, 3H), 1.29 (s, 3H). 

" ^^-^P-<;i-2.3.4-TetrahvdrQ-4.4-dimftt hvl-l-rmethoxvmethv^ 

« naphthale n-6-vn-prop-l-en-3-one]beDzoic acid (Compound D27) 

te The title compound can be prepared by following the 

17 procedure employed for the preparation of (E)-4-[3-(3,4-dihydro- 

18 4,4-dimethyI-l-(carboetho3cymethyl)-naphthaIen-6-yl)-prop-l-en-3- 

19 onejbenzoic add (Compound D18). 

20 6-AcetvM(2Hh-(0-methvloxime)-3.4-dihvdro-4.4- 

21 dimethvlnaphthalene (Compound D28) 

22 To a solution of 6-(l,3-di6xolan-2-yl)J-3,4-dihydro-4,4- 

23 dimethylnaphthaIen-l(2H)-one (Compound D15, 100 mg, 038 

24 mmol), NaOAc (78.8 mg, 0.95 mmol) in 5 ml of EtOH and 2 ml 

25 of THF was added methoxyamine hydrochloride (32.1 mg, 038 

26 mmol). The resulting miscture was stirred at room temperature for 

27 ovenught. The solvent was removed and the residue was dissolved 

28 in ethyl acetate (5 mL) and washed with saturated NaHC03, 
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1 water and brine. The solvent was distffled off and the crude 

2 product was purified by column chromatography with ethyl 

3 acetate/hexane (1/3) to give the title compound as an oil. 

4 IH NMR (CDa3): S 1.42 (s, 6H), 2.03 (t, J = 6.07 Hz, 2H). ^.24 

5 (s. 3H). 2.74 (t, J = 6.71 Hz, 2H), 4.04 (s, 3H), 7.56 (dd, J = 1.52, 

6 6.72 Hz, IH), 7.70 (d, J = 1.75 Hz, IH), 8.02 (d, J = 8.24 Hz, 

7 IH). 

8 (E)-4[3-^ l(2 H^-/0-methvI oximeV3.4-dihvdro-4.4. 

» dimethvInaphthalen- 6-vl \ -prop- l-en-3-one]beD2oic acid 

10 (Compound D29) 

11 The title compound caii be prepared by following the 

12 procedure employed for the preparation of (E)-4-[3-(3,'4<Iihydro- 

13 4,4-dimethyI-l-(carboetho3^methyl)-naphthaIen-6-yl)-prop-l-en-3- 

14 onejbenzoic acid (Compound D18). 

« 3,4-dihvdro-l-rtrifluoromethvlsulfoovnoxv-4.4-dimethvl-6-(2-(2- 
^6 methvl-1.3- dioxolanvl)'>naphthaiene (Compound D30) 

17 To a cold solution (-78* q of 232.7 mg (1.267 mmol) of sodium 

18 bis(trimethylsily)amide in 2.0 ml of THF was added a solution of 

19 300.0 mg (1.154 mmol) of 6-(l,3-dioxoIan-2-yI)]-3,4-dihydro-4,4- 

20 dimethyInaphthaIen-l(2H)-one (Compound D15) in 4.0 ml of 

21 THF. The reaction mixture was stirred at -78° C for 30 minutes 

22 and then a solution of 498.0 mg (1.269 mmol) of 5-chloro(2-bis- 

23 triflouromethylsuIfonyl)imidein3.0mIofTHF wasadded. After 

24 stirring at -78* C for 1 hour, the solution was warmed to O* C and 

25 stirred for 12 hours. The reaction was quenched by the addition 

26 of saturated aqueous NH4a. The mixture was extracted with 

27 EtOAc (50 ml) and the combined organic layers were washed with 

28 saturated aqueous NaHC03, ^^^^f' The organic phase 
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1 was dried over Na2S04 and then concentrated in vacuo to a 

2 yellow oil. Purification by column chromatography (silica, 10% 

s EtOAc-hexanes) yielded the title compound as a clear yellow oil. 

4 iH NMR (CDQ^): 5. 7.43 (IH, s). 738 (2H, m), 5.95 (IH. t, J = 

5 4.8 Hz), 4.07 (2H, m) 3.77 (2H, m) 2.42 (2H, d, J = 4.9 Hfe), 1.66 

6 (3H, s), 1 32 (6H, s). 

7 3.4-dihvdro-l-(2-thienvI'>-4,4-dimp,thvl-6-r2-r2-methvl-13- 
« dioxolanvl)>naphthalene (Compound D32) 

9 A solution of 2-thienyllithium was prepared by the addition 

10 of 106.9 mg (0.67 ml, 1.67 mmol) of n-butyl lithium (23 M 

11 solution in hexanes) to a cold solution (0* C) of 140.0 mg (1.67 

12 mmoI) of thiophene in 1.0 ml of THF. After stirring for 3 h a 

13 solution of 364.0 mg (2.67 mmol) of zinc chloride in 2.0 ml of 

14 THF was added. The resulting solution was warmed to room 

15 temperature, stirred for 30 minutes, and added via cannula to a 

16 solution of 262.0 mg (0.668 mmol) of 3,4-dihydro-l- 

17 (trifluoromethylsulfoiQrl)6xy-4,4-dimethyl-6-(2-(2-metltyl-13- 

18 dioxolanyI))naphthalene (Gomponnd D30) and 30 mg (0.03 mmol) 

19 of tetrakis(triphenylphosphine)palladium(0) in 2.0 ml of THF. 

20 The resulting solution was heated at 50** C for 12 h, cooled to 

21 room temperature arid diluted with saturated aqueous NH4a. 

22 The mixture was extracted with EtOAc and the combined organic 

23 layers were washed with water and brine. The organic phase was 

24 dried over Na2S04 and concentrated in vacuo to a yeUow oil. 

25 Purification by column chromatography (10% EtOAc-hexanes) 

26 yielded the title compound as a yellow solid. 

27 1h NMR (CDa3): S_ 7.48 (IH, d, J = 1.8 Hz). 734 (IH, d, J = 

28 7.9 Hz), 7.28 (2H, m), 7.08 (2H, m), 6.18 (IH, t, J = 4.8 Hz), 
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1 4.06 (2H, m), 3.82 (2H, m), 2.34 (2H, d, J = 4.8 Hz), 1.70 (3H, s), 

2 1J4 (6H, s). 

3 3.4-dihvdro -l-r2-thienvl '>-4.4-diTnet hvl-6-acetvlnaphthalene 

4 (Compound D33) 

5 A solution of 3,4-dihydro-l-(2-thieiiyI)-4,4-dimetI)yl-6-(2-(2- 

6 methyM,3-dioxolanyI))naphthaIene (Compoimd D32, 103.0 mg, 

7 0 J2 mmol) in 4.0 mL THF and 4.0 mL 10% aqaeous Hia was 

8 refluxed for 1.5 h. Upon cooling to room temperature, the 

9 reaction mixture was diluted with EtOAc and washed with water 

10 and saturated aqueous NaQ. The organic layer was dried over 

11 MgSO^ and the solvents were removed under reduced pressure to 

12 give the title compoimd as a colorless oil after column' 

13 chromatography (10% EtOAc-hexanes). 

14 iH NMR (CpOj) : S 7.98 (IH, d, J = 1.8 Hz), 7.75 (IH, dd, J = 

15 1.8, 8.1 Hz), 7.46 (IH, d, J = 8.1 Hz), 7.29 ( IH, d, J = 5.0 Hz), 

16 7.09 (2H, m), 6.32 (IH, t, J = 4.8 Hz), 2.61 (3H, s), 2.38 (2H, d, J 

17 = 4.9 Hz), 1.38 ( 6H, s). 

18 4-[3-oxo-3-( 7.8-dihvdro-5-r2-thienvl)-8.«^imftthy1.?,.naphthalenvn- 

19 l-propenvl]-benzoic acid (Compound D34) 

20 To a solution of 62.6 mg (0.222 mmol) 3,4rdihydro-l-(2- 

21 thienyl)-4,4-dimethyl-6-acetyhlaphthalene (Compound D33) in 4.0 

22 mL of MeOH were added 33.4 mg (0.222 mmol) of 4-carbo3y 

23 benzaldehyde, and 240.0 mg (6.00 nmiol; 2.0 mL of 3M aqueous 

24 NaOH). The resulting solution was stirred at room temperature 

25 for 12 h, concentrated under reduced pressure, and the reddual 

26 oil dissohred in EtOAc. The solution was treated with 10% HCI, 

27 and the organic layer washed with H2O, and saturated aqueous 

28 NaQ, before being dried over Na2S04. Removal of the solvents 
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1 under reduced pressure gave the title compound as a pale green 

2 solid after reciystallization from EtOH. 

3 1h NMR (acetone-dg) : S_ 8.16 (IH, s), 8.10 (IH, d. J = 8.4 Hz), 

4 8.00 (5H, m), 7.84 (IH. d, J = 15.5 Hz). 7.48 (2H. m), 7.14 (2H. 

5 m), 6.36 (IH. t. J = 4.8 Hz), 2.83 (IH, s), 2.43 (2H, d, J = 4.8 

6 Hz), 139 (6H, s). 

7 Methvl-5.5-dimethvl-S.6 -dihvdro.naphthaleii-8r7m^ne-!2- 
9 carboxvlate (Compound E2) 

9 A degassed (with carbonmbnoxide) solution of 2-bromo-5,5- 

10 dimethyl-5,6-dihydro-naphthaIen-8(7H)-one (Ckimpoond G), 

11 paIIadium(II)-bis(triphenylphosphine)chloride (277 mg, 0.4 mmol), 

12 l,3-bis(diphenyIphosphino)-propane (325 mg, 0.8 mmc^), DMSO 

13 (30 mL), methanol (15 mL) and triethylamine (15 mL) was placed 

14 in an oil bath (70** C), under carbomnonoxide atmosphere) for 

15 16h. After dilution with water the mixture was extracted with eitxyl 

16 acetate. The organic layer was washed with water, 10% HQ, 

17 saturated sodiumbicarbonate and brine. The organic layer was 

18 dried over M^O^, and the solvent wias removed by distillation. 

19 The residual crude material was purified by flash chromatography 

20 (silica, 1:4 ethyl acetate : hexane) to afford the title compound as 

21 a white solid. 

22 iHNMR (COa^) : S 1.42 (s, 6H), 2.05 (t. J = 6.6 Hz, 2H), 2.77 

23 (dd, J = 6.6, 2H), 3.93 (s, 3H), 7.52 (d, J = 8.3 Hz, IH), 8.17 (dd, 

24 J = 1.8, 83 Hz, IH), 8.67 (d, J = 1.8 Hz, IH). 

25 5.5-Dimethvl-5.6-dihydro-naphthalen-8(7H)-one-2-carboxvlic acid 

26 (Compound E3) 

27 To a solution of methyl-5.5-dimethyl-5,6-dihydro- 

28 naphthaIen-8(7H)-one-2-carbo3ylate (Compound E2, 1.05 g, 4.5 
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1 mmol) in 10 mL of ethanol and THF (10 mL) was added 

2 sodiuml^droxide 9 mL (IM solution). The solution was stiired for 

3 16 h and thereafter acidified with 10% HQ. The mixture was 

4 extracted with ethyl acetate, the combined organic layer was 

5 washed with water and brine, and dried over MgS04. The solvent 

6 was distilled off under reduced pressure to afford the title 

7 compound as a \!^Iiite solid. 

8 iHNMR (Acetone-D6) : 8 1.44 (s, 6H), 2.07 (t, J = 6.7 Hz, 2H), 

9 2.73 (t, J = 6.7 Hz, 2H), 7.70 (d, J = 8.2 Hz, IH), 8.19 (dd, J = 
10 1.9, 8.2 Hz, IH), 8.57 (d, J = 1.9 Hz, IH). 

It Methvl 5.5 -dimethvl-5.6-dihvdro-8-rtrifluoromethvlsulfonvl)or|y- 

12 naphthalene -2-carbQxy:late (Componnrf FJ) 

13 To a solution of sodium bis(trimetfaylsifyl)amide (550.1 mg, 

14 3.00 mmol, 3.0 mL of a 1.0 M solution in THF) in 5.0 mL of THF 

15 at -78 °C was added 620.0 mg (2.67 mmol) of methyl-5,5-dimethyI- 

16 5,6-dihyuro-naphthaien-8(7K)-one-2-carbo3cyiate (Compound E2) 

17 in 8.0 mL of THF. After 30 min a solution of 1.15 g (2.94 mmol) 

18 of 2-A^,//-bis(trifluoromethyIsulfonyl)amino-5-chloropyridine in 6.0 

19 mL of THF was addied. Stirring for 45 min at -78 °C was 

20 followed by warming to room temperature and stirring for 5 h. 

21 The reaction was quenched by the addition of saturated aqueous 

22 NH4a and extracted wit! EfOAc. The obmbiiied organic layers 

23 were washed with 5% aqueous NaOH and dried over MgS04. 

24 Concentration of the dry solution under reduced pressure to an oil 

25 and column chromatography using 10% EtOAc-hexanes afforded 

26 the title compound as a yellow oil. 

27 iH NMR(CDa3) • ^ 1-33 (s><5H), 2.45 (d, J = 4.8 Hz, 2H), 3.93 

28 (s, 3H), 6.03 (t, J = 4.8 Hz, IH), 7.40 (d, J = 8.5 Hz, IH), 8.00 
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1 (m, 2H). 

2 Methvl 5.5-<iimethvl-5.6-dihYdro-8-Y2-thie nvl)-na phtha1ene-2- 

3 carboxylate (Compound E5) 

4 To a solution of 329.0 mg (3.93 mmol) of thiophene in 2.0 

5 mL THF at 0 °C was added 251.8 mg (3.93 mmol, 1.56 mL of 2.5 

6 M solution in hexanes) of n-butyllithium. After stirring for 3 h at 

7 0 ®C; a solution of 845.0 mg (6.28 mmol) of ZnCl2 in 5.0 mL 

8 THF was added and the resulting solution stirred for 30 minutes. 
0 This solution was added to a second flask containing 570.0 mg 

10 (1.57 mmol) of methyl 5,5-dimethyl-5,6-dihydro-8- 

ti (trifluoromethylsulfonyl)oxy-naphthaIene-2-carbo:grlate (Compound 

12 E4) and 76.0 mg (0.063 mmol) of ^ ^ 

13 tetrakis(triphei^hosphine)pa]ladium(0) in 4.0 mL THF, and the 

14 resulting solution was heated to 50 °C for 3 h. Upon cooling to 
. 15 room temp>erature the reaction was quenched by the addition of 

16 saturated aqueous NK^O. Extraction with EtOAc was followed 

17 by washing of the combined organic layers with and 

18 saturated aqueous NaQ, and drying over MgS04. The diy 

19 solution was concentrated under reduced pressure and the tide 

20 compound was isolated from the residue as a yellow oil by column 

21 chromatography (5-10% EtOAc / hexanes). 

22 1h NMR(CDa3): 5 1.34 (s, 6H), 2.35 (d, J = 4.9 Hz, 2H), 3.86 

23 (s, 3H), 6.23 (t, J = 4.9 Hz, IH), 7.06 (m, 2H), 7.28 (m, IH), 7.43 

24 (d, J = 8.0 Hz, IH), 7.92 (dd, J = 1.7, 8.0 Hz, IH), 8.06 (d, J = 

25 1.7 Hz, IH). 

» 5.5-dimethvl-5.6-dihvdro-8-(2-thienvn-naphthaIene-2-carf>oxvlic 

27 acid (Compound E6) 

28 To a solution of methyl 5,5-dimethyl-5,6-dihydro-8-(2- 
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1 tliieiiyI)-2-iiaphtliaIeiiecarbo3yIate (Compound E5, 430.0 mg, 1.44 

2 xnmol) m3.0mLofEtOHand3.0mLTHFwasaddedNaOH 

3 (240.0 mg, 6.00 mmol; 3.0 mL of a 2N aqueous solution). The 

4 resulting solution was warmed to 35 °C for 6 h, cooled to room 

5 temperature and quenched with IM HQ. The mijrture was 

6 extracted with EtOAc and the combined organic layers washed 

7 with and saturated aqueous NaQ before being dried over 

8 MgS04. Removal of the solvents under reduced pressure 

9 afforded the title compound as a pale yellow solid. 

to iH NMR(CDa3) ^ 1-34 (s, 6H), 2.38 (d, J = 4.8 Hz, 2H), 6.25 t, 

11 J = 4.8 Hz, IH), 7.12 (m. 3H), 7.45 (dd, J = 1.8, 4.7 Hz, IH), 7.54 

12 (d, J = 8.0 Hz, IH), 7.92 (dd, J = 1.8, 8.0 Hz, IH), 8.d6.(d, J = 

13 1.8Hz, IH). 

^* Ethyl 4-^( 5.5-dimethvl-5. 6-dihvdro-8-(2-thienvn-naDhthaIen-2- 
« vncarbommidoJ-benToate (Compound E7) 

16 A solution of 5,5-dimethyl-5,6-diitydro-8-(2-thienyl)- 

17 naphthalene-2-carboxyIic add (Compound E6, 180.0 mg, 0.638 

18 mmol), ethyl 4-aminobenzoate (137.0 mg, 0.829 mmol), l-(3- 

19 dimethylaminopropyl)-3-ethyIcarbodiimide hydrochloride (160.0 

20 mg, 0.829 namol), and 4-N,N-dimetlQrlaminopyridine (101.0 mg, 

21 0.829 mmol) in 6.0 mL DMF was stirred overnight at room 

22 temperature. EtOAc (100 mL) was added and the solution 

23 washed with H2O, 5% HQ, saturated aqueous NaHCOj, and 

24 saturated aqueous NaQ before being dried over MgS04. 

2s Removal of the sovents under reduced pressure and colimm 

26 chromatography (10-25% EtOAc-hexanes) of the residual oil 

27 afforded the title compound as a colorless solid. 

28 iH NMR(CDa3): S 1.36 (s, 6H), 1.39 (t, J = 7.1 Hz, 3H), 238 
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1 (d, J = 4.8 Hz, 2H), 436 (q, J = 7.1 Hz, 2H), 6.27 (t, J = 4.8 Hz, 

2 IH), 7.09 (m, 2H), 7.29 (m, IH), 7.48 (d, J = 8.0 Hz, IH), 7.68 (d, 

3 J = 8.8 Hz, 2H), 7.76 (dd, J = 1.9, 8.0 Hz, IH), 7.83 (s, IH), 7.88 

4 (d, J = 1.9 Hz, IH), 8.03 (d, J = 8.8 Hz, 2H). 

s 4-[[rS.5-Di methvl-5.6-dihvdro-8-/;2-thienvl^-naphthalen-2- 

6 vl)carbnYaTn ido]-benzdic acid (Componnd F«) 

7 To a solution of ethyl 4-[[(5,5-dimetltyl-5,6-diliydro-8-(2- 
» thienyl)-iiaphthaIen-2-yI)caiboxamido]>beiizoate (Compoiind E7, 

8 110.0 mg, 0.255 mmol) in 2.0 mL of EtOH and 1.0 mL THF was 
to added NaOH (80.0 mg, 2.00 mmol; 2.0 mL of a IN aqueous 

11 solution). After stirring overnight at room temperature the 

12 reaction was quenched by the addition of IM aqueous'Hp. The 

13 mixture was extracted with EtOAc and the combined organic 

14 layers washed with H2O and saturated aqueous NaQ before being 

15 dried over MgSO^. Removal of the solvents under pressure 

16 afforded the title compound as a pale yellow solid. 

17 iH NMR(acetone-d5): S 1.34 (s, 6H), 2.38 (d, J = 4.9 Hz, 2H), 

18 6.27 (t, J = 4.9 Hz, IH), 7.12 (m, 2H), 7.44 (dd, J = 1.3, 5.0 Hz, 

19 IH), 7.55 (d, J = 8.0 Hz, IH), 7.88 (m. 3H), 8.02-7.91 (m, 3H), 

20 9.75 (s, lH). 

21 Ethvl 4-[[r5. 5-dimethvl.5.6-dihvdro-8-r2-tbienvn-naDhtbalen-2- 

22 vlVcarboiryl]oxv]-ben2oate (CompiiiraTl E9) 

23 A solution of 5,5-dimethyl-5,6-dihydro-8-(2-thienyI)- 

24 naphthalene-2-carboxyIic acid (Compound E6, 50.0 m^ 0.177 

25 mmol), ethyl 4-hydro3cybenzoate (38.2 mg, 0.230 mmol), l-(3- 

26 dimethylaminopropyI)-3-ethylcarbpdiimide hydrochloride (44.0 mg, 

27 0.230 mmol), and 4-iS^,A^dimethylaminopyridine (28.0 mg, 0.230 

28 mmol) in 2.0 mL DMF was stirred overnight at room temperature. 
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1 EtOAc (50 mL) was added and the solution washed with H2O, 

2 5% HQ, saturated aqueous NaC03, and saturated aqueous NaCl 

3 before being dried over ^^04. Removal of the sovents under 

4 reduced pressure and column chromatography (10% EtOAc- 

5 hexanes) of the residual oil afforded the title compound as a 

6 colorless solid. 

7 iH NMR(CDa3): S 136 (s, 6H), 139 (t, J = 7^ Hz, 31^, 239 

8 (d,J = 4.9 Hz. 2H), 438 (q, J = 7^ Hz, 2^^, 6.26 (t. J = 4.9 Hz. 
• IH), 7.09 (m, 2H). 7.25 (m, 2H). 7.49 (d, J = 8.2 Hz. IH), 8.08 

10 (m, 3H), 8.22(d, J = 1.8 Hz, IH). 

" 2-trimethvlsilvlethvI 4-[[( 5.5-dimethvl-5.6-dihvdro.8-<;2-thienvn- 

12 napbthale n-2-vl)carbonvl]oxv]-ben2oate (Compound EIO)^ 

13 A solution of 5,5-dimethyl-5,6-dilQrdro-8-(2-thieiryI)- 

14 naphthaIene-2-carboxylic add (Compoond 79.0 mg, 0.280 
ts mmol), 2-trimetItyIsiIylethyI 4-hydroi^enzoate (733 mg, 0308 

16 mmol), l-(3-dimethyiaminopropyI)-3-etfajrlcarbodiimide 

17 hydrochloride (70.0 mg, 0.364 mmol), and 4-N,N- 

18 dimethylaminopyridine (44 J mg, 0364 mmol) in 2.0 mL DMF was 

19 stirred overnight at room temperature. Et20 (100 mL) was added 

20 and the solution washed with H2O, 5% HQ, saturated aqueous 

21 NaC03, and saturated aqueous NaQ before being dried over 

22 MgS04. Removal of the sovents^ under reduced pressure and 

23 column chromatography (10% EtOAc-hexanes) of the residual oil 

24 afforded the title compound as a colorless solid. 

2s iH NMR(CDa3): S 0.10 (s, 9H), 1.15 (t. J = 8.2 Hz, 2H), 138 (s, 

26 6H), 2.39 (d, J = 4.0 Hz, 2H), 4.43 (t, J = 8.2 Hz, 2H), 6.28 (t, J 

27 = 4.0 Hz, IH), 7.09 (m, 2H). 7.26 (m, 3H|, 732 (d, J = 7.2 Hz, 

28 IH), 8.09 (m, 3H), 8.22 (s, IH). 
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1 4-[[r5^-Dimethvl-5.6-di hvdro-8-(2-thienvn-nap hthalen,9- 

2 vncarbonvl]oxv]-ben2oic acid (Compound £11) 

3 To a solution of 2-trimethylsflylethyI 4-[[(5^-dimethyI-5,6- 

4 d%dro-8-(2-thienyI)-naphthaIen-2-yl)carbonyIJoxy].beii2oate 

5 (Compound ElO, 100.0 mg, 0.198 mmol) in 2.0 mL THF at room 

6 temperature was added 155 J mg of tetrabutylammonimn fluoride 

7 (0.594 mmol 0.6 mL of a IM solution in THF). After stirring 

8 overnight the reaction was diluted with EtOAc and washed with 

9 and saturated aqueous NaQ before being dried over 

10 MgS04. The solvents were removed under reduced pressure and 

11 the residue washed with hot acetonitrile leaving the product as a 
t2 colorless solid. 

13 1h NMR(acetone-d6): 8 137 (s, 2.42 (d, J = 4.8 Hz, ZH), 

14 6.30 (t, J = 4.8 Hz, IH), 7.14 (m, 2H). 7.37 (d, J = 8.6 Hz, 2H), 

15 7.44 (dd, J = i.i, 5.0 Hz, IH), 7.65 (d, J = 8.1 Hz, IH), 8.12 (m, 

16 4H). 

ir2m-rProDvh'deD-2-v]V3. 4-dibvdro-4.4-dimetbvlnaphtha1enft-7- 

18 carboxvlic acid (Compound E12) 

19 To a cold ( -78 °q solution of 7-bromo-l(2H)-(propyliden- 

20 2-yl)-3,4-dihydro-4,4-dimethyhiaphthalene (Compound A37, 640.0 

21 mg, 2.30 mmol) in 20 mL THF was added t-butyllithium (294.7 

22 mg, 4.60 mmol; 2.7 mL of a 1.7M solution in pentane). After 1 h 

23 diy CO2 gas was bubbled through the solution for 1 h. The 

24 resulting mixture was allowed to wann to room temperature and 

25 then quenched with 10% aqueous HQ. The mixture was 

26 extracted with EtOAc and the combined organic layers washed 

27 with H2O and saturated aqueous NaQ before being dried over 

28 Na2S04. Concentration of the diy solution under reduced 
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1 pressure and washing of the residue with hexanes afforded the 

2 title compound as a pale yellow solid. 

3 1h NMR(acetone-dg): 5 1.25 (s, 6H), 1.63 (t, J = 6.9 Hz, 2H), 

4 1.85 (s, 3H), 1.95 (s. 3H), Z53 (t, J = 6.9 Hz. 2H), 7.43 (d, J = 

5 8.1 Hz, IH), 7.82 (dd, J = 1.8, 8.1 Hz, IH), 7.94 (d, J = 1.8 Hz, 
e IH). 

7 2-(Trimethvlsih^nethvl-4- [/(5.^-drmet hvl-8(7H)-(prop^'^^^ 

9 5.6-dihY<^f "naphthalen-2-vl)lcarboiivl>oxvfl)en2oate (Componiiii 

« £13) 

10 A solution of 5,5-dimethyl-5,6-dihydro-8(7H)-(l-propyIiden- 

11 2-yI)-naphthalene-2-carboxylic acid (Compound E12, 70.0 mg, 

12 0.287 mmoi), 2-trimethylsiiyIethyI 4-hydro3gi)enzoate (f 1^0 mg, 

13 0.298 mmoI), l-(3-dimethyIaminopropyl)-3-ethylcarbodiiniide 

14 hydrochloride (71.0 mg, 0.370 mmol), and 4-N,N- 

15 dimethylaminopyridine (45.0 mg, 0.370 mmol) in 2.0 mL DMF was 

16 stirred overnight at room temperature. Et20 (100 mL) was added 

17 and the solution washed with H20, 5% HO, saturated aqueous 

18 NaHCXD3, saturated aqueous NaQ before being dried over 
M MgS04. Removal of the solvents under reduced pressure and 

20 column chromatography (5% EtOAc-hexanes) of the residual oil 

21 afforded the title compound as a colorless oil. 

22 iH NMR(CDa3): S 0.09 (s, 9H), 1.14 (t, J = 8.4 Hz, 2H), 1.28 (s, 

23 6H), 1.66 (d, J = 6.9 Hz, 2H), 1.86 (s, 3H), 2.00 (s. 3H), 2.54 (t, J 

24 = 6.9 Hz, 2H), 4.30 (t, J = 8.4 Hz, 2H), 7.28 (d, J = 8.7 Hz, 2H), 

25 7.43 (d, J = 8.1 Hz, IH), 7.97 (dd, J = 1.9, 8.1 Hz, IH), 8.08 (d, J 

26 = 1.9 Hz, IH), 8.11 (d, J = 8.7 Hz, 2H). 

27 4-f(r5.5-Dimethvl-8(7H)-(propvIiden-2-vn-5.6-dihvdronaphthalen- 

28 2-vlUcarbonvl>oxv]benzoic acid (Compound E14) 
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1 To a solution of 2-trimethyIsifyletItyl4-[[(5^-dimetlQrI-5,^ 

2 dilQrdro-8(7H)-(propyliden-2-yO-2-iiaphtliaIeiQrI)carboi5^^ 

3 benzoate (Compoimd E13, 84.0 mg, 0.181 mmol) in 2.0 mL THF 

4 at 0 °C was added 130.7 ing of tetrabutylammonium fluoride (OSO 
s mmol; 0.5 mL of a IM solution in THF). After stirring at 0 °C 

6 for 1.5 h and at room temperature for 4 J h , the reaction was 

7 diluted with EtOAc and washed with and saturated aqueous 
« Naa before being dried over MgS04. The solvents were 

9 removed under reduced pressure and the residue ciystalized from 

lb CH3CN to give the product as a colorless solid. 

ti ^HNMR(acetone.d6):51.29(s, 6H), 1.67(t,J = 6.9Hz,2Jl), 

t2 1.87 (s, 3H), 1.99 (s, 3H), 2.56 (t, J = 6.9 Hz, 2H), 7.45 (d, J = 

13 8.6 Hz, 2H), 7.54 (d, J = 8.2 Hz, IH), 7.97 (dd, J = 1.9, 8.2 Hz, 

u IH), 8.06 (d, J = 1.9 Hz. IH), 8.14 (d, J = 8.7 Hz, 2H). 

« Ethvl 4-lf <;5. 5-dimethvl-8r7H^-rprc^vlfden-2-vn-5,6- 

'■^ dihvdronaphthalen°2^vin carbonvnoAv| hen7naf^ (Compound EiS) 

17 A solution of 5,5-dimethyl-5,6-dihydro-8(7H)-(propyliden-2- 

18 yI)-2-naphthaIenecarbo3ylic acid (Compound E12, 31.0 mg, 0.127 

19 mmol), ethyl 4-hydroxybenzoate (27.4 mg, 0.165 mmol), l-(3- 

20 dimethylaminopropyI)-3-ethyrlcarbodiimide hydrochloride (31.6 mg, 

21 0.165 mmol), and 4-^MdimethyIaminopyridine (20.2 mg, 0.165 

22 mmol) in 2.0 mL D»fff was stirred overnight at room temperatiire. 

23 EtOAc (50 mL) was added and the solution washed with H2O, 

24 5% HO, saturated aqueous NaC03, and saturated aqueous NaQ 

25 before being dried over MgS04. Removal of the soNehts under 

26 reduced pressure and column chromatography (5% EtOAc- 

27 hexanes) of the residual oil afforded the title compound as a 

28 colorless oil. 
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1 % NMR(CDa3) : S 1.28 (s, 6H), 1.41 (t, J = 7.1 Hz, 2H), 1.66 

2 (t, t J = 6.9 Hz. 2H), 1.86 (s, 3H). 2.00 (s, 3H), 2.56 (t, J = 6.9 

3 Hz. 2H), 4.40 (q. J = 7.1 Hz, 2H), 729 (d, J = 8.7H2, 2H), 7.43 

4 (d, J = 8.1 Hz. IH). 7.98 (dd, J = 1.8, 8.1 Hz, IH), 8.09 (d, j = 

5 1.8 Hz, IH), 8.12 (d, J = 8.7 Hz. 2H). 

« Etbvr4-rr5.5.^ethv?-«;f7p),rDropvliden-7-Yi)-^,/;- 
' dihvdronaDhthalen-2-vl\}r.arhoxamido]henTr.at^ (Compound E16) 
• A solution of l(2H)-(propyIiden-2-yI)-3,4-daydro-4,4- 

9 dimethyInaphthalene-7-carboxylic acid (Compound E12, 100.0 mg, 
to 0.410 mmol), ethyl 4-aminobenzoate (81.0 mg, 0.490 mmol), l-(3. 

11 dimethyIaminopropyI)-3-ethyIcarbodiimide hydrochloride (117.0 

12 mg, 0.615 mmol), and 4-^,Ar-dimethyIaminopyridine (^jQ mg, 

13 OJOO mmol) in 3.0 mLDMF was stirred overnight at room 

14 temperature. EtOAc (100 mL) was added and the solution 

15 washed with H2O, 10% HQ, saturated aqueous NaCOj, and 

16 saturated aqueous NaQ before being dried over MgS04. 

17 Removal of the solvents under reduced pressure and column 

18 chromatography (10-15% EtOAc-hexanes) of the residual oil 
afforded the title compound as a colorless solid. 
iH NMR(CDa3) • « 1-29 (s. 6H), 1.40 (t, J = 7.1 Hz, 2H), 1.64 
(t. J = 7.0 Hz, 2H), 1.86 (s, 3H), 2.00 (s, 3H). 2.52 (t, J = 6.6 Hz, 
2H). 4.37 (q, J = 7.1 Hz, 2H), 7.60 (d, J = 8.1 Hz, IH). 7.63 (dd. 
J = 1.8, 8.1 Hz, IH), 7.73 (d, j = 8.6 Hz. 2H). 7.75 (d. J = 1.8 . 
Hz, IH). 7.92 (s, IH), 8.06 (d, J = 8.6 Hz, 2H). 
4-fr54-Dimethyl.8r7H)-rpronvhden-2-vlV5,fi-H i hvdronap hthal^.n.9- 
vlUcarbQyamido]ben7nie ariri (Compound E17) 

To a solution of ethyl 4-[(5,5-dimetItyl-8(7H)-(propyUden-2- 
yI)-5,6-dihydronaphthalen-2-yI)}carboxamido]benzoate 



14 
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1 (Compound E16, 25.0 mg, 0.064 mmol) in 3.0 mL of EtOH and 

2 3.0 mL THF was added NaOH (80.0 ing, lOO mmol; 2.0 mL of a 

3 IN aqueous solution). After stirring overnight at room 

4 temperature the reaction was quenched by the addition of 10% 
s aqueous HQ. The mixture was extracted with EtOAc and the 

6 combined organic layers were washed with and saturated 

7 aqueous NaQ and thereafter dried over Na2S04. Removal of the 

8 solvents under pressure and oystallization from CH3CN afforded 
0 the title compound as a colorless solid. 

10 NMR(acetone-d5): 5 1.25 (s, 611), 1.64 (t, J = 6.9 Hz, 2H), 
It 1:85 (s, 3H), 1.96 (s, 3H), 2.55 (t, J = 6.9 Hz, 2H), 7.45 (d, J = 
t2 8.1 Hz, IH). 7.78 (dd, J = 1.9, 8.1 Hz, IH), 7.88 (d, J = 1,9 Hz, 
13 IH), 7.95-8.05 (m, 4H), 9.71 (s, IH). 

" MethvI-5.5-dimethvl-5 .6^dihvdro-8-rphenvlthioVnaphtha]ene-2- 

15 carboxvlate (Compound E18) 

16 To a solution of methyl-5,5-dimethyl-5,6-dihydro-naphthalen- 

17 8(7H)-6ne-2-carboxylate (Compound E2, 835.0 mg, 3.60 mmol) in 

18 25.0 mL of THF at room temperature was added Tia4 (670.0 mg, 

19 3.55 mmol). Thereafter a solution of thiophenol (430.0 mg, 3.90 

20 mmol) and Et3N (730.0 mg, 7.20 mmol) in 10 mL THF was added. 

21 The resulting brown mixture was stirred for 6 h before H26 was 

22 carefully added to quench tiie reaction. The product was extracted 

23 into Et20 and the combined organic layers washed with saturated 

24 aqueous NaQ and dried over MgS04. Removal of the solvents 

25 under reduced pressure afforded a solid from which the title 

26 compound was isolated as a yeUow solid by column chromatography 

27 (5% EtOAc-hexanes). 

28 iR N^IR (COa^y S 1.34 (s, 6H), 2.40 (d, J = 4.7 Hz, 2H), 3.85 (s. 
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f 3H), 6.51 (t, J = 4.7 Hz, IH), 7.10-7J6 (m, 5H), 738 (d, J = 8.1 Hz, 

2 IH), 7.88 (dd, J = 1.8, 8.0 Hz, IH), 830 (d, J = 1.8 Hz, IH). 

3 5^-Dimethvl-5,6-dihvdro^phenvlthin>-i iaDhthalene-2-carboTvHc 

4 add (C mponnd £19) 

5 To a solution of methyl 5,5-dimethyI-5,6-dihydro-8- 

6 (phenylthio)-naphthalene-2-carboi9riate (Compound £18, 300.0 

7 mg, 0.926 mmol) in 4.0 mL of EtOH and 2.0 mL THF was added 

8 NaOH (200.0 mg, 5.00 mmol; 5.0 mL of a IN aqueous solution). 

9 After stirring overnight at room temperature the reaction was 

10 quenched by the addition of 10% aqueous HQ. The mixture was 

11 extracted with EtOAc and the combined organic layers washed 

12 with H2O and saturated aqueous NaQ before being drie^d over 

13 Na2S04. Removal of the solvents under pressure afforded the 

14 title compound as a yellow solid. 

15 iH NMR(CDa3): 8 1.35 (s, 6H), 2.41 (d, J = 4.6 Hz, 2H), 634 

16 (t, J = 4.6 Hz, IH), 7.10-734 (m, 5H), 7.40 (d, J = 8.1 Hz, IH), 

17 7.92 (dd, J = 1.8, 8.1 Hz), 836 (d, J = 1.8 Hz, IH). 

" Ethyl 4-rr5.5-dimethvI-8-<;p henvlthi6V5.6-dihvdronap hthalP.n.7- 

t9 vlUcarbox amidoJbenTOate (Compound £20) 

20 A solution of 5,5-dimethyl-5^6-dihydro-8-(phenylthio)- 

21 naphthalene-2-carboxyIic add (Compound £19, 183.0 mg, 0.580 

22 mmol), ethyl 4-aminobienzoate (107.0 mg, 0.650 mmol), l-(3- 

23 dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (144.0 

24 mg, 0.750 mmol), and 4-dimethylaniinopyridine (85.0 mg, 0.700 

25 mmol) in 5.0 mL DMF was stirred overnight at room temperature. 

26 EtOAc (100 mL) was added and the solution washed with H2O 

27 and saturated aqueous NaQ before being dried over MgS04. 

28 Removal of the solvents under reduced pressure and colunm 
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t Chromatography (20% EtOAc-heianes) of the residual oil 
2 afforded the title compound as a colorless solid. 

iH NMR(CDa3) • * 1-37 (s, 6H), 1.40 (t, J = 7.1 Hz, 3H), 2.45 
(d, J = 4.7 Hz, 2H). 4.37 (q, J = 7.1 Hz. 2H), 6.65 (t, J = 4.7 Hz, 
IH), 7.17-7.35 (m, 5H). 7.45 (d. J = 8.1 Hz, IH). 7.52 (s. IH), 
7.60 (d. J = 8.7 Hz, 2H), 7.77 (dd. J = 1.8, 8.1 Hz, IH). 7.96 (d, J 
7 =2.0H2. IH), 8.03(d, J = 8.7Hz,2F^. 

4-fr5,5-Dimethvl-8-rphenv1th ioV5.6-dihy Hro qaDhthalen-?. 
vI}carboyaTnido]ben^nffi arirf (Compound £21) 

To a solution of ethyl 4.f(5,5-dimethyI-8-(phenylthio)-5,6- 
11 dihydronaphthalen-2-yI)}carboxaniidoJbenzoate (Cbmponnd E20, 
90.0 mg, 0.196 mmol) in 3.0 mL of EtOH and 3.0 mL THF was 
added NaOH (120.0 mg. 3.00 mmol; 3.0 mL of a IN aqueous 

14 solution). After stirring overnight at room temperature the 

15 reaction was quenched by the addition of 10% aqueous HQ. The 

16 mixture was extracted with EtOAc and the combined organic 
layers washed with H2O and saturated aqueous NaQ before being 
dried over Na2S04. Removal of the solvents under pressure 
afforded the title compound as a pale yellow, solid. 
iH NMR(acetone-d6): 5 1.36 (s, 6H), 2.46 (d, J = 4.7 Hz, 2H), 
6.-11 (t, J = 4.7 Hz. IH), 7.13-736 (m. 5H), 7.51 (d, J = 8.0 Hz, 
IH), 7.85 (dd, J = 1.9, 8.0 Hz, 11^, 7.91-8.03 (m, 4H), 8.24 (d, J 

23 = 1.9 Hz, IH), 9.67 (s. IH). 

4-rf5,5-Dimethvl-8-rnhffnvlsulfQTivl)-'?, 6-dihvdronap hthai^«-9- 
vl)carbQxamido]ben7OTic ariri (Compound £22) 

To a solution of 4-[(5,5-dmiethyi-8-(phenylsuIfonyl)-5^6- 
dihydronaphthaIen-2-yl)carboxamido]benzoic add (Compound 
£21, 60.0 mg, 0.140 mmol) in 6.0 mL Et20, 3.0 mL 01202, and 
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2.0 mL THF at 0 °C was added m-chloroperbenzoic add (57- 
80%) (74-110 mg, 0.430-0,640 mmol). The resulting solution was 
3 wanned to room temperature and stirred overnight. Water was 
added and the mixture extracted with EtOAc. The combined 
orgamc layers were washed with and saturated aqueous NaQ 
e before being dried over Na2S04. Removal of the soh^nts under 

7 reduced pressure and crystallization of the residue from CH3CN 

8 afforded the title compound as a colorless soKd, 

9 IH NMR (acetone-dg): 5 1.23 (s, 6H), 2.60 (d, J = 4.9 Hz, 2H), 
10 7.51-7.62 (m, 5H), 7.89 (dd, J = 1.8, 7.9 Hz, IH), 7.94 (s, IH), ' 
It 7.95-8.06 (m, 6H), 8.61 (d, J = 1.9 Hz, IH). 

Ethyl 4-f {r5,.5-dfmethvl-8-rphenvlthiQ^-5:fi-ri.hy rfronaphthali»,i^^ 
^3 vlUcarbonv?>oxv]beT^yfta»ft (rnmp^^n^ f^-^^ 

A solution Of 5,5-dimetIyI.5,6-dihydro-g-(phenylthio)- 
naphthatene-2-carbo:grIic add (Compound E19, 150.0 mg, 0.484 
mmol), ethyl 4-hydro3^benzoate (SS.5 mg, 0.530 mmol), l-(3- 

17 dimethylaminopropyl).3-ethylcarbodiimide hydrochloride (120.6 

18 mg, 0.630 mmol), and 4-A^AWimethyIaminopyridine (77.0 mg, 

19 0.630 mmol) in 5.0 mLDAdF was stirred overnight at room 

20 temperature. EtOAc (50 mL) was added and the solution washed 

21 with H2O and saturated aqueous NaQ before being dried over 

22 MgS04. Removal of the solvents under reduced pressure and 

23 column chromatography (10-15% EtOAc-hexanes) of the residual 

24 oil afforded the titlt compound as a coloriess solid. 
iH NMR(CDa3): 5 1.37(s, 6H), 1.40 (t, J = 7.1 Hz. 3H), 2.44 (d, 
J = 4.8 Hz, 2H), 439 (q, J = 7.1 Hz, 2H), 6S7 (t, J = 4.8 Hz, 
IH). 7.15-7.36 (m. 7H). 7.45 (d, J = 8.1 Hz, IH), 8.01 (dd, J = 
1.8. 81.H^ IH). 8.10 (d, J = 8.7 Hz, 2H), 8.44 (d, J = 1.8 Hz, 
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1 IH). 

* Ethyl 4-r f r5^-<iimethvl-8-rDhenvlsiilfQnvl). 5.6-diI^^ 

3 Icarb onvl loxvJbenToate (Componnd £24) 

4 A solution of ethyl 4-f{(5^-dimethyI-8-(phenyIthio)-5,6- 

5 dihydronaphthaIen-2-yl)}carbonyI}oxy]benzoate (Compound E23, 

6 50.0 mg, 0.109 mmol) in 5.0 mL £130 at 0 was added m- 

7 chloroperbenzoic add (50%) (25 mg» 0.145 mmol). The resulting 

8 solution was wanned to room temperature and stirred overnight. 
8 Et20 was added and the organic layer washed with H2O, 

10 saturated aqueous NaHCO^, and saturated aqueous NaQ before 
n being dried over Na2S04. Removal of the solvents under reduced 

12 pressure and and column chromatography (20% EtOAc-hexanes) 

13 afforded the title compound as a colorless solid. 

14 iH NMR (CDa3): S 1.27 (s, 6H), 1.42 (t, J = 7.1 Hz, 3H), 2.56 

15 (d, J = 4.9 Hz, 2H), 4.40 (q, J = 7.1 Hz, 2H), 7.27 (d, J = 8.7 Hz, 

16 2H), 7.43-7.57 (m, 5K), 8.02 (m, 3H), 8.14 (d, J = 8.7 Hz, 2H), 

17 8.68 (d, J = 1.7 Hz, IH). 

" 2-(TrimethvlsiIvnethvl 4-[ / r5.5-diinethvl-8-rDhenvlthiM-^,fi- 

" dihvdronaphthalen-2-vlU carbonvnowp ^en7nat^ (Componnd E25) 

20 A solution of 5,5-dimethyI-5,5-dihydro-8-(phenylthio)- 

21 naphthalene-2-carboxylic add (Compound E19, 170.0 mg, 0.548 

22 mmol), 2-trimethylsilylethyl 4-hydroxybenzoate (130.0 mg, 0.548 

23 mmol), l-(3-dimethylaminopropyl).3-ethylcarbodiimide 

24 hydrochloride (126.0 mg, 0.657 mmol), and 4-N,N' 

25 dimethylaminopyridme (74.0 mg, 0.600 mmol) in 4.0 mL DMF was 

26 stirred overnight at room temperature. EtOAc (100 mL) was 

27 added and the solution Washed with H2O, 10% HQ, and 

28 saturated aqueous NaQ before being dried over M^O^, 
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1 Removal of the sdlvents under reduced pressure and column 

2 chromatograplqr (5% EtOAc-hexanes) of the residual oil afforded 

3 the title compound as a colorless oil. 

4 iH NMR(CDa3): S 0.10 (s, 9H), 1.15 (t, J = 8.4 Hz, 2H), 138 (s, 

5 6H), 2.44 (d, J = 4.7 Hz, 2H), 4.43 (d, J = 8.4 Hz, 2H), 6.58 (t, J 

6 = 4.7 Hz, IH), 7.16-736 (m, 7H), 7.45 (d. J = 8.1 Hz, IH), 8.02 

7 (dd, J = 1.8, 8.1 Hz, IH), 8.10 (d, J = 8.7 Hz, 2H), 8.45 (d. J = 
« 1.8Hz,lH). 

» 4-f ir5,5-Dimethvl-8-rpheTiv lthioV5.6-dfhYdronaphthalen-7,- 
^0 vl)>carbonvnoxv]benzoic ariH (Compound £26) 

11 To a solution of 2-(trimetIiyrIsiIyl)eUiyI 4-[f(5,5-dimethyl-5,6- 

12 dihydro-8-(phenylthio)-naphthaIen-2-yI)carbonylJoxy]-b6nzoate 

13 (Compoiind E25, 200.0 mg, 0J77 mmol) in 2.0 mL THF at 0 

14 was added tetrabutylammonium fluoride (2953 mg, 1.13 mmol; 

15 1.13 mL of a IM solutution in IHF). After 2 h the solution was 

16 warmed to room temperature and stirred overnight. EtOAc was 

17 added and the organic layer washed with H2O and saturated 

18 aqueous NaQ. Removal of the solvents under reduced pressure 

19 and reciystaUization of the residue from CH3CN afforded the title 

20 compound as a pale yellow solid. 

21 iH NMR(acetone-d5): 5 139 (s, 6H), 231 (d, J = 4.7 Hz, 2H), 

22 6.67 (t, J = 4.7 Hz, IH), 7.19-738 (m, 6H), 7.61 (d, J = 8.1 Hz, 

23 IH), 8.02 (dd, J = 1.8, 8.1 Hz, IH), 8.12 (d, J = 8.6 Hz, IH), 8.43 

24 (d, J = 8.1 Hz, IH). 

^ 4-f(r53-Dimethvl-8.rphenv lsulfonvn.5.6-dihvdronap hfha]^Ti-9. 
2« vlUcarbonv Uoxvfcenzoig acid (Componnd F?.7) 

27 To a solution of 4-[[(5,5-dimethyl-5,6-dihydro-8- 

28 (phenyIthio)-naphthaIen-2-yl)carbonyl]oxy]-benzoic acid 
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1 (C mponnd E26, 50.0 mg, 0.116 mmol) in 3.0 mL CH2a2, and 

2 1.0 mL THF at 0 °C was added m-chloxopeibenzoic add (57- 

3 80%) (34-52 0.197-0.2W mmol). The resulting solution was 

4 wanned to room temperature and stirred overnight Water was 

5 added and the mijcture extracted with EtOAc. The combined 

6 organic layers were washed with and saturated aqueous NaQ 

7 before being dried over Na2S04. Removal of the solvents under 

8 reduced pressure and crystallization of the residue from CH3CN 

9 afforded the title compound as a colorless solid. 

10 1h NMR (acetone-dg): 5 1.27 (s, 6H), 2.65 (d, J = 4.8 Hz, 2H), 

11 7.14 (d, J = 8.7 Hz, 2H), 7.57-7.68 (m, 5H), 8.03 (m, 3H), 8.17 (d, 

12 J = 8.7 Hz, 2H), 8.77 (d, J = 1.8 Hz, IH). . 
w Ethvl 4-[(5. 5-Dimethvl^8r7m-one-5.6-dihvdronaphthalen-2- 

14 vncarboxamidojbenzoate (Compound £28) 

15 To a solution of 5,5-dimethyI-5,6-dihydro-8(7H)-one- 

16 naphthalene-2-carboxyiic acid (Compound E3, 400.0 mg, 1.833 

17 mmol), ethyl 4-aniinobenzoate (317.8 mg, 1.924 mmol), l-(3- 

18 dimethylaminopropyl)-3-ethyIcarbodiimide hydrochloride (3863 

19 mg, 2.016 mmol), and 4-dimethylaniinopyndine (246.3 mg, 2.016 

20 mmol) in 18.0 mL CH2CI2 was stirred at room temperature for 

21 2h. EtOAc (25 mL) was added and the solution washed with 

22 H2O, IM HQ, and saturated aqueous NaQ before being dried 

23 over MgSO^. Removal of the solvents under reduced pressure 

24 and column chromatography (30% EtOAc-hexanes) of the residue 

25 afforded the title compound as a colorless solid. 

26 iH NMR(CDa3): S 1.41 (t, J = 7.1 Hz, 3H), 1.45 (s, 6H), 2.08 (t, 

27 J = 7.1 Hz, 2H), 2.80 (t, J = 6.6 Hz, 2H), 4.38 (q, J = 7.2 Hz, 

28 2H), 7.62 (d, J = 8.3 Hz, IH), 7.78 (d, J = 8.7 Hz, 2H), 8.09 (d, J 
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1 = 8.6 Hz, 2H), 8.14 (bs, IH), 8^1 (dd. J = 2.1, 83 Hz, IH), 8.42 

2 (d, J =r 2.1 Hz, IH). 

3 4-rr5.5-Dimethvl-8(™-o ne-5.6-dibvdrQiiaDhthalen-2- 

4 vncarboxa mido]benzoic add (Componnd £29) 

5 A solution of ethyl 4-[(5,5-dimethyI-8(7H)-one-5,6- 

6 dihydronaphthalen-2-yI)carboxamidoJbeiizoate (Compound E28, 

, 7 50.0 mg, 0.137 mmol) and NaOH (54.7 mg, 137 mmol; 0.68 mL of 

8 a 2N aqueous solution) in 2.0 mL EtOH and 1.0 mL IHF was 

9 Stirred at room temperature overnigfat. The reaction mixture was 

10 acidified with 10% HQ and extracted with EtOAc. The combined 

11 organic layers were washed with H2O and saturated aqueous NaQ 

12 before being dried over Na2S04. Removal of the solvents under 

13 reduced pressure and crystallization of the residual solid from 

14 MeOH/H20 afforded the title compound as yellow crystals. 

15 ^H NMR (DMSO-dg): 5 140 (s, 6H), 2.01 (t. J = 6.7 Hz, 2H), 

16 2.74 (t, J = 7.0 Hz, 2H), 7.74 (d, J = 8.4 Kfe, IH), 7.93 (m, 4H), 

17 8.16 (dd, J = 2.1, 83 Hz, IH), 8.45 (d. J = 2.0 Hz, IH), 10.68 (s, 

18 IH), 12.75 (bs, IH). 

« Ethvl 4-[r5.5 -dimethvI-8(7m.fl«ftVO-methvJo3aineV5 fi- 

20 dihvdronaphthalen-2-Yl)carfaoYani ido]ben2oate (Compound £30) 

21 A mixture of ethyl 4-[(5,5-dimethyi-5,6-dihydro-8(7H)-one- 

22 naphth2aen-2-yl)cafbbxam^ lOO.o 

23 ing, 0.274 mmol), O-methylhydroxylamine hydrochloride (25.1 mg, 

24 0301 mmol), and NaOAc)3H20 (81.9 mg, 0.602 mmol) in 3.0 mL 

25 of EtOH was heated to 65 °C for 3 h and then stirred at room 

26 temperature for 68 h. The reaction was (Kluted with H2O and 

27 extracted with EtOAc. The combined organic layers were washed 

28 with H2O and saturated aqueous NaQ before being dried over 
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1 MgSO^. Removal of the solvents under reduced pressure and 

2 column chromatography (20-30% EtOAc-hexanes) of the residue 

3 afforded the title conipound as a colorless solid 

4 iH NMR (COa^y. S 1.32 (s. 6H), 1.40 (t, J = 7.2 Hz, 2H), 1.75 

5 (t,J = 7.0Hz,2H),2.81(t,J = 7.0Hz,2H),4.04(s,3H),437(q, 

6 J = 7.1 Hz, 2H), 7.49 (d, J = 8.2 Hz, IH). 7.76 (dd. J = 1.9, 8.7 

7 H2^ 21^, 7.88 (dd, J = 2.1, 83 Hz, IH), 8.06 (dd, J = 1.7, 8.7 Hz, 

8 2H), 8.12 (bs, IH), 8.40 (d, J = 2.0 Hz, IH). 

9 4-[(5.5-Dimethvl-8(7H)-gnrf-(0-metbvlorime)-5.6- 

10 dihvdronaphthalen-2-vl)carbQ YaTnidnp> enzoic add (Componnd 
1, E31) ^ 

12 A solution of etltyI,(E)-4-[[(5,5-dmetlQrl-5,6-d%dix)-8(7I^ 

13 antf-(0-meth^oxime)-naphthalen-2-yI)carboxamido]-benzoate 

14 (Compound E30, 31.4 mg, 0.080 mmol) and NaOH (31.8 mg, 

15 0.796 mmol; 0.40 mL of a 2N aqueous solution) in 2 mL EtOH 

16 was stirred at room temperature overnight. The reaction was 

17 acidified with 10% HCL and extracted with EtOAc. The 

18 combined organic layers were dried (Sa^O^) and concentrated 

19 under reduced pressure to give an off-white solid. Qystallization 

20 from £t20 afforded the title compound as a colorless solid. 

21 iH NMR (DMSO-dg): 5 1.27 (s, 6H). 1.69 (t, J = 6.9 Hz, 2H), 

22 2.74 (t, J = 6.9 Hz, 2H), 3.96 (s, 3H), 7.58 (d, J = 8.3 Hz, IH), 
,23 7.90 (m, 5H), 8.36 (d, J = 2.0 Hz, IH), 10.57 (s, IH), 1^73 (bs, 

24 IH). 

25 (-f M Ethvl 4-[(5.5-dimethvl-8-hvdroxv-5.6.7.8- 

26 tetrahvdronaphthalen-2-vI)carboxamido]benzoate (Compound E32) 

27 A solution of ethyl 4-[(5,5-dimethyI-5,6-dihydro-8(7H)-one- 

28 naphthalen-2-yl)carboxamido]-benzoate (Compound £28, 125.0 
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1 mg, 0.342 mmol) in 2.0 mL EtOH and 2.0 mL THF was cooled to 

2 Cr C and treated with NaBH4 (11.5 mg, 0JO4 mmol). After 4 h 

3 the reaction was quenched by the careful addition of H26, 

4 followed by 0.5 mL IM HQ. EtOAc (25 mL) was added and the 

5 solution washed with IM HQ, dilute aqueous NaHCXD3, H2O and 

6 saturated aqueous NaO before being dried over ifa^O^, 

7 Removal of the solvents under reduced pressure afforded the title 

8 compound as a . colorless solid. 

p 1h NMR (acetone-dg): S 1.28 (s, 3H), 1.31 (s, 3H), 1J5 (t, J = 
to 7.2 Hz, 3H), 1.65 (m, IH). 1.88 (m, 3H), 4.32 (q, J = 7.1 Hz, 2H), 

11 4.69 (q, J = 5.8 Hz, IH), 7.49 (d, J = 8.2 Hz, IH), 7.83 (dd, J = 

12 2.2, 8.3 Hz, IH), 7.99 (s, 4H), 8.09 (d, J = 1.9 Hz, IH), 9.81 (bs, 
t3 Hi). 

M 4-[r5.5-Dimethvl-8-hydro3cv-5.6.7.8-t(gtrahvdronaphthalen-2- 

15 yl)carboxamido]benzoic acid (Compound E33) 

16 A mixture of (+/-) ethyl -4-[(5,5-dimethyl-5,6,7,8-tetrahydro- 

17 8-hydroxy-naphthalen-2-yI)carboxamido]-benzoate (Compound 

18 E32, 50.0 mg, 0.136 mmol) and NaOH (54.4 mg, 136 imnoi; 0.68 

19 mL of a 2N aqueous solution) in 3 mL EtOH was stirred at room 

20 temperature for 19h. The resulting solution was acidified with 

21 10% HQ and extracted with EtOAc, The combined organic 

22 layers wre washed with H2O and saturated aqueous NaQ, and 

23 then dried over l^a^^O^. Removal of the solvents under reduced 

24 pressure afforded the title compound as a colorless solid. 

25 iH NMR (DMSO-dg): S 1.25 (s, 3H), 1.28 (s, 3H), 1.61 (m, IH), 

26 1.80 (m, 2H), 1.95 (m. IH), 4.87 (m, IH), 5.30 (bs, IH), 7.49 (d, J 

27 1 = 8.2 Hz, IH), 7.78 (dd, J = 1.9, 8.2 Hz, IH), 7.49 (s, 4H), 8.01 

28 (s, IH), 10.47 (s, IH), 12.72 (bs, IH). 
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1 r+/-^ Ethvl 4.[(5.5-difnef hvl-8-rQ-methoxvmethvn-S, /i, 7 , «- 

2 tetrahvdroDaphthalen- 2-vncarboyamido]benzoate (Compoimd £34) 

3 To a solution of (+/-) ethyl 4-[(5,5-dimethyI-8-liydro^- 

4 5,6,7,8-tetrahydronaphthaIen-2-j1)carboxamidoJbenzoate 

5 (Compound E32, 57.0 mg, 0.155 mmol) in 5.0 mL 01202 at 0 °C 

6 was added diisopropylethyl amine (276.2 nig, 2.137 mmol), 

7 chloromethyl methyl ether (37.7 mg, 0.469 mmol), and a catalytic 

» amount of tetrabutylammonium iodide. The resulting solution was 
9 stirred at 45 °C overnight. Upon cooling to room temperature 

10 the solution was diluted with EtOAc and washed with 5% HQ, 

11 H2O, saturated aqueous NaHC03, saturated aqueous NaQ, 

12 before being dried over MgS04. Removal of the soNeiits under 

13 reduced pressure, followed by column chromatography (15% 

14 EtOAc-hexanes) afforded the title compound as a colorless oil. 

15 iH NMR (CDOj): S 1.27 (s, 3H), 1.35 (s, 3H), 1.39 (t, J = 7.1 

16 Hz, 3H), 1.64 (m, IH), 1.90-2.13 (m, 3H), 3.48 (s, 3H), 4.36 (q, J 

17 = 7.1 Hz, 2H), 4.67 (t, J = 5.0 Hz, IH), 4,79 (d, J = 6.9 Hz, IH), 

18 4.89 (d, J = 6.9 Hz, IH), 7.43 (d, J = 8.2 Hz. IH), 7.74 (m, 3H), 

19 7,88 (d, J = 2.0 Hz, IH), 8.03 (d, J = 8.7 Hz. 2H), 8.18 (s, IH). 
» 4-[r5.5-Dimethvl-8 -rO-methoxvmethvl V5.6.7.8- 

« tetrahvdro naphthalen-2-vI'>carboxamido]benzoic acid (Compound 

22 E35) 

23 A mixture of (+/-) ethyl 4-[(5,5-dimethyl-8-(0- 

24 methoxymethyl)-5,6,7,8-tetrahydronaphthaIen-2- 

25 >d)carboxamidoJbenzoate (Compoand E34, 30.0 mg, 0.073 mmol) 

26 and NaOH (40.0 mg, 1.00 mmol; 1.0 mL of a IN aqueous 

27 solution) in 1.0 mL EtOH and 1.0 mL THF was stirred at room 

28 temperature overnight. The resulting solution was acidified with 
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1 10% HQ and extracted with EtOAc. The combined organic 

2 layers wre washed with and saturated aqueous NaQ, and 

3 then dried over Na2S04. Removal of the soh^ents under reduced 

4 pressure a£forded the title compound as a colorless oil. 

5 iH NMR (acetone-dg): S 1.27 (s, 3H), 134 (s, 3H), 1.65 (m, IH), 

6 1.95 (m, 2H), 2.08 (m, IH), 3.42 (s, 3H), 4.66 (t, J = 5.0 Hz, IH), 

7 4.77 (d, J = 6.9 Hz, Ih), 4.84 (d, J = 6.9 Hz, Ih), 7.53 (d, J = 8.2 

8 Hz, IH), 7.86 (dd, J = 2.0. 8.2 Hz, IH), 8.00 (m, 5H), 9.78 (s, 
» IH). 

10 2-rrrimethvlsilvI)ethvl 4-[[^5.5-dimethvl-8r7m- one-5.6- 

11 dihYdmna phthalen-2-vl)carbonvl]oxv]benzoate (Comitoimd E36) 

12 To a solution of 5,5-dmiethyI-5i6-dil]ydro-8(7H)-one- 

13 naphthalene-2-carbosyIic add (Compound E3, 154.0 mg, 0.706 

14 mmol), 2-(trimethylsilyl)ethyl 4-hydroxybenzoate (185.0 mg, 0.777 

15 mmol), l-(3-dimethyIaminopropyl)-3-ethyIcarbodiimide 

16 hydrochloride (176.0 mg, 0.918 mmol), and 4- 

17 dimethylaminopyridine (112.2 mg, 0.918 nmiol) in 4.0 mL DMF 

18 was stirred at room temperature overnight. EtOAc (100 mL) was 

19 added and the solution washed with H2O, IM HQ, saturated 

20 aqueous NaHCXDjj and saturated aqueous NaQ before being 

21 dried over MgS04. Removal of the solvents under reduced 

22 pressure and column chromatography (10% EtOAc-hexanes) of 

23 the residue afforded the title compound as a colorless solid. 

24 iH NMR(aDa3): S 0.09 (s, 9H), 1.15 (t, J = 83 Hz, 2H). 1.45 (s, 

25 6H), 2.08 (t, J = 7.0 Hz, 2H), 2.81 (t, J = 7.0 Hz, 2H), 4.43 (t, J 

26 = 8.3 Hz, 2H), 7.28 (d, J = 8.7 Hz, 2H), 7.60 (d, J = 8.3 Hz, IH), 

27 8.12 ( d, J = 8.7 Hz, 2H). 8.30 (dd, IH, J = 1.9, 8.3 Hz, IH), 8.85 

28 (d, J = 1.9 Hz, IH). 
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1 ( +AU-Trimethvlsflvlethvl 4-ff<'5.5^iniftt |ivi.8.hvdrQw-S, /;, 7 ,;L 

2 tetrahvdronaphthalen-2-vncarf>onv1]Q w]benzQate (Componnd £37) 

3 A solution of 2-(trimethylsilyI)ethyl 4-[[(5^-climetlQrI-8(7H)- 

4 one-5,6-dihydronaphthaIen-2-yI)carbonyIJo3iyJbenzoate 

5 (Componnd E35, 160.0 mg, 0365 mmol) in 2.0 mL EtOH and 2.0 

6 mL THF was cooled to 0 °C and treated with NaBH4 0^'^ ™S» 

7 0.365 mmol). After 3 h the reaction was quenched by the careful 

8 addition of 5% aqueous HQ. EtOAc (100 mL) was added and 
0 the solution washed with , dilute aqueous NaHCOj, and 

10 saturated aqueous NaQ before being dried over MgS04. 

11 Removal of the solvents under reduced pressure followed by 

t2 columnchromatography (10-15% EtOAc) afforded the title 

13 compound. 

14 iH NMR (CDQj): S 0.09 (s. 9H), 1.14 (t, J = 8.4 Hz, 2H), 130 

15 (s, 3H). i.37 (s, 3H). 1.68 (m, IH), 1.92 (m, 2H), 2.12 (m, IH), 

16 4.45 (t, J = 8.4 Hz, 2H), 4.82 (m, IH), 7.28 (d, J = 8.7 Hz, 2H), 

17 7.48 (d, J = 83 Hz, IH), 8.04 (dd, J = 2.0, 83 Hz, IH), 8.11 (d, J 

18 =8.7Hz,2H), 8.30(d, J = 2.0Hz,lH). 

« 2-rrrim ethvlsflvnethvl 4-ffr5.5-dtmethyT-8-(n- 

20 methoxvme thvlV5.6.7.8-tetrahvdronaDhthalen-2- 

21 vI')carbonvl]oxv]ben2oate (Compound E38) 

22 To a solution of (+/-) 2-trimethylsilylethyl 4-[[(5,5- 

23 dimethyI-8^hydroxy-5,6,7,8-tetrahydronaphthalen-2- 

24 yl)carbonyl]oxy]benzoate (Compound E37, 70.0 mg, 0.159 mmol) 

25 in 5.0 mL CH2a2 at 0 °C were added diisopropylethylamine 

26 (276.2 mg, 2.137 nmiol), and chloromethyl methyl ether (37.7 mg, 

27 0.469 mmol). The resulting solution was stirred at room 

28 temperature overnight. The reaction mixture was diluted with 



alIeisaa:pat:600G5pa.apI 



17186 Allersan 



207 



1 EtOAc and washed with 5% HO, H2O, saturated aqueous 

2 NaHCD3, and saturated aqueous Nad, before being dried over 

3 Mg^O^. Removal of the solvents under reduced pressure, 

4 followed by column chromatograpl^ (10% EtOAc-hexanes) 
s afforded the title compound as a colorless oil. 

6 1h NMR (CDO^): S 0.09 (s, 9H), 1.14 (t, J = 83 Hz, 2H), 130 (s, 

7 3H), 139 (s, 3H), 1.63 (m, 2H), 1.97 (m, 2H), 330 (s, 3H), 4.43 (t, 

8 J = 83 Hz, 2H), 4.71 (t, J = 5.0 Hz, IH), 4.81 (d, J = 7.0 Hz, IH), 

9 4.91 d, J = 7.0 Hz, IH), 7.28 (d, J = 8.7 Hz, 2H), 7.49 (d, J = 8.3 

10 Hz, IH), 8.05 (dd, J = 1.8, 83 Hz, IH), 8.10 (d, J = 8.7 Hz, 2H), 

11 8.19 (d, J = 1.8 liz, IH). 

12 (+/-) 4-[[(5.5-diniethv1-8-(6-metho3cvmethvn-5.6.7.8- 

13 tetrahvdronaphthalen-2-vl)carbonvr|oxv]benzoic acid (Compoand 

14 E39) 

15 To a solution of (+/-) 2-trimethylsiIylethyl-4-[[(5,5-dimetlQ'l- 

16 5,6,7,8-tertahydro-8-(0-methoxymetItyI)naphthalen-2- 

17 yl)carbonyl]o3^]-benzoate (Compoand £38, 72.0 mg, 0.148 mmbi) 

18 in 2.0 mL THF was added tetrabut^ammonium fluoride (130.7 

IB mg, 0300 mmol; 0.5 mL of a IM solution in THF). The resulting 

20 solution was stirred overnight at room temperature, diluted with 

21 EtOAc, and washed with H2O and saturated aqueous NaQ. The 

22 solution was dried (MgSO^ and then concentrated under reduced 

23 pressure. The title compound was isolated as a colorless oil by 

24 preparative TLC (5% MeOH-CH2a2)- 

25 1h MNR (acetone-dg): S 130 (s, 3H), 137 (s, 3H), 1.67 (m, IH), 

26 1.95 (m, 2PI), 2.11 (m, IH), 3.42 (s, 3H), 4.70 (t, J = 5.0 Hz, IH), 

27 4.88 (d, J = 7.0 Hz, 2H), 7.42 (d, J = 8.7 Hz, 2H), 7.62 (d, J = 

28 83 Hz, IH), 7.77 (d, J = 7.0 Hz, 2H), 8.03 (dd, J = 1.9, 83 Hz, 
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1 IH), 8.15 (d, J = 8.7 Hz. 2H), 8.19 d, J = 1.9 Hz, IH). 

2 (+fA Ethvl 4- [[(^^^-riiniftth vl^hvdro»f.5.6.7.8- 

3 tetrahvdronaphthalen-2-vl)carboiivl]oxv]benzoic add (Compound 

4 E40) 

5 A solution of ethyl 4-[[(5,5-dimethyl-5,6-dihydro-8(7I^-one- 

6 naphthalen-2-yI)carbonyI]oiy]-benzoate (Compound £44, 126.0 

7 mg, 0344 mmol) in 13 mL EtOH and 1.5 mL THF was cooled to 

8 0 °C and treated with NaBH4 (13.0 mg, 0344 mmol). After 3 h 
0 the reaction was quenched by the careful addition of H2O. 

10 EtOAc (50 mL) was added and the solution washed with 

11 and saturated aqueous NaQ before being dried over MgSO^. 

12 Removal of the solvents under reduced pressure followed by 

13 . column chromatography (15-20% EtOAc) afforded the titie 

14 compound as a colorless oil. 

15 iH NMR (GDQj): S 1.30 (s, 3H), 1.37 (s, 3H), 1.41 (t, J = 7.1 

16 Hz, 3H), 1.68 (m, IH), 1.83-1.99 (m, 2H), 2.15 (m, IH), 439 (q, J 

17 = 7.1 Hz, 2H), 4.82 (m, IH), 7.28 (d, J = 8.7 Hz, 2H), 7.49 (d, J 

18 = 83 Hz, IH), 8.05 (dd, J = 1.8, 83 Hz, IH), 8.12 (d, J = 8.7 Hz, 
« 2H), 8.29 (d, J = 1.8 Hz,iH). 

20 f-t-/-)Ethvl 4-[[(5.5-dimethvl-8-(0-methoxvmethvn-5.6.7.8- 

21 tetrahvdronaphthalen-2-yl)carbonvl]oxv]benzoate (Compound E41) 

22 To a solution of (+/-) ethyl 4-[[(5,5-dimethyI-5,6,7,8- 

23 tetrahydro-8-hydroxy-naphthaIen-2-yl)carbonyI]oxy]-benzoate 

24 (Compound £40, 131.8 mg, 0.358 mmol) in 5.0 mL CH2CI2 at 0 

25 <>C was added diisopropyletl^lamine (277.5 mg, 2.147 mmol), and 

26 chloromethyl methyl ether (86.9 mg, 1.08 mmol). The resulting 

27 solution was stirred at room temperature oveniight. The reaction 

28 mixture was diluted with EtOAc and washed with 10% HQ, 
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t H2O, saturated aqueous NaHC03, and saturated aqueous NaCl, 

2 before being dried over MgSO^. Removal of the solvents under 

3 reduced pressure, followed by column chromatography (15% 

4 EtOAc-hexanes) afforded the title compound as a colorless oil. 

5 1h NMR (COaj): S 1.29 (s, 3H), 1.38 (s, 3H), 1.41 (t, J = 7.1 Hz, 

6 3H), 1.62 (m, 2H), 1.96 (m, 2H), 3S0 (s, 3H), 439 (q, J = 7.1 Hz, 

7 2H), 4.71 (t, J = 5.0 Hz, IH), 4.80 d, J = 7.0 Hz, IH), 4.92 (d, J = 

8 7.0 Hz, IH), 7.28 (d, J = 8.7 Hz, 2H), 7.49 (d, J = 83 Hz, IH), 8.05 

9 (dd, J = 1.8, 8.3 Hz, IH), 8.12 (d, J = 8.7 Hz, 2H), 8.19 (d, J = 1.8 
to Hz,lH). 

11 2-(TrimethVlsflvl)ethvl-4-[[(5,5-dimethyl-8(7H^-^^ 

12 meth ylQyime)-5.6-dilrydronaphthalen-2-yl)carbonyl]oxv]behzoate 

13 (Compound E42). 

14 A mixture of 2-(trimethylsifyI)ethyl 4-[[(5,5-dimethyl-5,6- 

15 dihydro-8(7F^-one-naphthaIen-2-yI)carbor^I]o;gr]-benzoate 

16 . (Compound £36, 80.0 m^ 0.182 mmol), O-methythydro^lamine 

17 hydrochloride (22.8 mg, 6.273 mmol), and NaOAc) X 3H2O (62.0 

18 mg, 0.455 mmol) in 3.0 mL of EtOH was stirred at room 

19 temperature for 5 days. The reaction was diluted with H2O and 

20 extracted with EtOAc. The combined organic layers were washed 

21 with H2O and saturated aqueous NaQ before being dried over 

22 MgSO^. Removal of the solvents under reduced pressure and 

23 column chromatography (4^8% EtOAc-hexanes) of the residue, 

24 followed by preparative TLC (20% EtOAc-hexanes, afforded the 

25 title compound. 

26 iH NMR (CDO^y. S 0.09 (s, 9H), 1.14 (t, J = 8.6 Hz, 2H), 1.33 

27 (s, 6H), 1.76 (t, J = 6.9 Hz, 2H), 2.82 (t, J = 6.9 Hz, 2H), 4.04 (s, 

28 3H), 4.43 (q. J = 8.4 Hz, 2H), 7J0 (d, J = 8.7 Hz, 2H), 7.49 (d, J 
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1 = 8.3 Hz, IH). 8.08 (dd, J = 1.9, 83 Hz, IH), 8.12 (d, J = 8.7 Hz, 

2 2H), 8.78 (d, J = 1.9 Hz, IH). 

3 4- [[(5.S-dimethvI-8(7H)-flnrf-rO-methvloxmie)-5.6- 

4 dihvdronaphthalen-2-vl)carbonvl]oxv]benzoic add (Compound 

5 E43) 

6 To a solution of (trimethylsityl)etliyl 4-[[(5,5-dimethyl- 

7 8(7H)-anrf-(0-methyIoxime)-5,6-diItydroiiaphthalen-2- 

8 yI)carbonyI]oxy]benzoate (Compound E42, 40.0 mg, 0.086 mmol) 

0 in 1.5 mL THF was added tetrabutylammonium fluoride (68.0 mg; 

10 0.260 mmol; 0.26 mL of a IM solution in THF). The resulting 

11 solution was stirred for 6 h at room temperature, diluted with 

12 EtOAc, and washed with H2O and saturated aqueous NaQ. The 

13 solution was dried (MgSO^) and then concentrated under reduced 

14 pressure. The title compound was isolated as a colorless oil by 

15 preparative TLC (5% MeOH-CH2a2). 

16 NMR (acetone-dg): S 1.34 (s, 6H), 1.78 (t, J = 7.0 Hz, 2H), 

17 2.81 (t, J = 7.0 Hz, 2H), 3.98 (s, 31^, 7.45 (d, J = 8.7 Hz. 2H), 

18 7.67 (d, J = 83 Hz, IH), 8.10 (dd, J = 1.9, 83 Hz, IH), 8.15 (d, J 

19 = 8.7 Hz, 2H), 8.74 (d, J = 1.9 Hz, IH). 

20 Ethvl 4-[[(5.5-dimethvl-8(7H)K)ne-5.6-dihvdronaphthaleD-2- 

21 vl)carbonvl]oxv]ben2oate (Compound E44) 

22 To a solution of 5,5-dimethyl-5,6-dihydro-8(7H}-one-2- 

23 naphthalenecarboxyrhc acid (Componnd E3, 270.0 mg, 1.24 

24 mmol), ethyl 4-hydrojgrbenzoate (226.0 ing, 1364 mmol), l-(3- 

25 dimethylaminopropyl)-3-ethylcarbodiimide l^drochloride (309.0 

26 mg, 1.61 mmol), and 4-A^Mdimethylamihopyridine (197.0 mg, 1.61 

27 mmol) in 5.0 mL DMF was stirred at room temperature overnight. 

28 EtOAc (25 mL) was added and the solution washed with H2O, 
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1 IM HQ, and saturated aqueous NaQ before being dried over 

2 MgS04. Removal of the solvents under reduced pressure and 

3 colunm chromatography (7% EtOAc-hexanes) of the residue 

4 afforded the title compound as a pale-orange solid. 

5 iH NMR(CDa3): S 1.41 (t, J = 7.1 Hz. 31^, 1.45 (s, 6H). 2.08 (t, 

6 J = 6.7 Hz, 2H), 2.80 (t, J = 6.7 Hz, 21^, 439 (q, J = 7.I Hz, 2H). 
r 730 (d. J = 8.7 Hz, 2H), 7.60 (d, J = 8.4 Hz. IH), 8.13 (d. J = 8.7 

8 Hz, 2H), 831(dd,J=1.8,8.4Hz.lH) 

9 8.04 (d, J = 1.8 Hz, IH). 

^0 Ethji 4-[[(5.5-d imethvl-8r7H)-fl«ft-rO-methvloxime)-5.6- 

11 dihvdronaphtfaalen-2-v ncarfaoiivl]Qxy]ben2oate (Cnmpftmirf Rd/;^ 

12 A mixture of ethyl 4-[[(54-dimetItyl-8(7H)-one-5,6- 

13 dihydronaphthalen-2-yl)carboiqd]o3yJben2oate (Cdmpoond E44, 

14 66.0 mg, 0.180 mmol), 0-methylhydro:g^lamine hydrochloride (23.0 

15 mg, 0.270 mmol), and NaOAc)3H20 (62.0 mg, 0.455 mmol) in 3.0 

16 mL of EtOH was stirred at room temperature for 6 days. The 

17 reaction was diluted with and extracted with EtOAc. The 

18 combined organic layers were washed with H2O and saturated 

19 aqueous NaQ before being dried over ^gSO^. Removal of the 

20 solvents under reduced pressure and colimm chromatography (4- 

21 8% EtOAc-hexanes) of the residue, followed by preparative TLC 

22 (5% EtOAc-hexanes) afforded the title compound. 

23 iH NMR (<:Da3): 5 1.33 (s, 6H), 1.41 (t, J « 7.1 Hz, 3H), 1.76 

24 (t, J = 6.9 Hz, 2H), 2.82 (t, J = 6.9 Hz. 2H). 4.03 (s. 3H), 439 (q, 

25 J = 7.1Hz,2H), 730 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 83 Hz, 

26 IH), 8.11 (dd, J = 1.9, 83 Hz, iH), 8.13 (d, J = 8.6 Hz, 2H), 8.78 

27 (d, J ==1.9 Hz, IH). 

28 ( +/') Ethvl 2-ri-hvdroxv-1.2.3.4-tetrahvdro-4.4-dimethvl-7-bronio- 
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1 naphthalen-l-vl)acetate (Compound E47) 

2 To a suspension of Zn (1.20 g, 18.4 mmol) in 10 mL 

3 benzene at 100 was slowly added a solution of etl^l 2- 

4 bromoacetate (658.0 mg, 3.94 mmol) and 3»4-dil^dio-4,4-dimetI]^l- 

5 7-bromo-naphthalen-l(2H)-one (Compound G, 500.0 mg, 1.97 

6 mmol) in 20.0 mL benzene. The resulting mixture was heated for 

7 2 h, cooled to room temperature, and the solution decanted from 

8 the residual solids. The solids were washed with EtOAc and the 

9 combined organic layers were washed with cold 15% H2SO4, 

10 saturated aqueous NaHCX)3, and saturated aqueous NaQ before 

11 being dried over MgS04. Removal of the solvents ui^ reduced 

12 pressure and column chromatography (10% EtOAc-hexanes) 

13 afforded the title compound as a yellow oil. 

14 iH NMR (CDa3): S 1.26 (s, 3H), 1.29 (s, 3H), 131 (t, J = 7.1 

15 Hz, 3H), 1.62-1.82 (m, 2H), 2.05 (m, 2H), 2.75 (s, 4.21 (q, J 

16 = 7.1 Hz, 2H), 7.16 (d, J = 8.5 Hz, IH), 733 (dd, J = 2.1, 8.5 Hz, 

17 IH), 7.71 (d, J = 2.1 Hz, IH). 

18 (+/-) Ethvl 2-(l-acetoxv-1.2.3.4-tetr? *hydm-4,4-fltm ethvl-7-bromo- 
.19 naphthalen-l-yl)acetate (Compound E48) 

20 To a solution of (+/-) ethyl 2-(l-hydroigr-l,23.4-tetrahydro- 

21 4,4-dimethyl-7-bromo-naphthalen-l-yl)acetate (Compound £47, 

22 200.0 mg, 0.586 mmol) and 4-A^Mdimethylaminopyridine (86.0 

23 mg, 0.703 mmol) in 4.0 mL ^ was added acetic 

24 anhydride (239.3 mg, 2.344 mmol). The resulting solution was 

25 warmed to room temperature and stirred ovemighL The reaction 

26 was warmed to 50 for 3 h, cooled to room temperature, and 

27 diluted with EtOAc (70 mL). The solution was washed with H2O, 

28 saturated aqueous NaHC03, 10% aqueous HO, and saturated 
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1 aqueous NaQ, before being dried over MgSO^. Removal of the 

2 solvents under reduced pressure followed by column 

3 chromatography afforded the title compound as a colorless oil. 

4 iH NMR (CDO^y. S 1.23 (t, J = 7.1 Hz, 3H), 1.30 (s, 3H), 1.31 

5 (s, 3H), 1.76 (t, J = 6.9 Hz, 2H), 2.05 (s, 3H), 2.48 (m, IH), 2.67 

6 (m, IH), 3.03 (s, 2H), 4.12 (q, J = 7.1 Hz, 2H), 7.19 (d, J = 8.5 

7 Hz,lH), 7.33 (dd, J = 2.1. 8.5 Hz, IH), 7.45 (d, J = 2.1 Hz,lH). 

8 (+/-) Ethvl 4-[(5,5-diTnethvl-5.6.7.8-tetrahvdr6-8-acetoxv-8» 
0 carbethoxvmethyl-naphthalen-2-vl)carboxamido]-benzoate 

10 (Compound E49) 

11 A solution of ethyl 2-(l-acetoxy-lA3,4-tetrahydro-4,4- 

12 dimethyI-7-bromo-naphthalen-l-yl)acetate (Compoimd £48» 450.0 

13 mg, 1.23 mmol), ethyl 4-aminobenzoate (810.0 mg, 4.90 mmol), 

14 l,3-bis(diphenylphosphino)propane (100.0 mg, 0.245 mmol) in 5.0 

15 mL Et3N, and 10.0 mL DMSO was sparged with CO (g) for 10 

16 minutes. To this solution was added 

17 bis(triphenylphosphine)palladiimi(II) chloride (105.0 mg, 0.150 

18 mmol). The solution was placed under 1 atm of CO (balloon) and 

19 heated to 75 °C for 4 days. Upon cooling to room temperature 

20 the mixture was diluted with EtOAc and the solution washed with 

21 10% HQ, H2O, and saturated aqueous NaQ before being dried 

22 over 'Ssi2SO^. Removal of the solvents under reduced pressure 

23 and column chromatograpl^r (5-25% EtOAc-hexanes) afforded the 

24 title compound. 

25 1h NMR (CDQj): S 1.20 (t, J = 7.1 Hz, 3H), 1.35 (s, 6H), 1.40 

26 (t, J = 7.1 Hz, 3H), 1.78 (m, 2H), 2.03 (s, 3H), 2J0 (m, IH), 2.71 

27 (m, IH), 3.12 (m, 2H), 4.11 (q, J = 7.1 Hz, 2H), 437 (q, J = 7.1 

28 Hz, 2H), 7.42 (d, J = 8.2 Hz, IH), 7.70 (dd, J = 1.9, 8.2 Hz, IH), 
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1 7.73 (d, J = 8.7 Hz, 2H), 7.95 (d, J = 1.9 Hz, IH), 8.04 (d, J = 

2 8.7 Hz, 2H), 8.20 (s, IH). 

3 Ethvl (E)-4-[[ (5.5-diniethv l-5.6-dihvdro-8(7H)- 

4 (carbethoxvmethv!idenvlVnaphthalen-2-vT)farhnTami do]-beii2^ 

5 (Componnd ESOsk(trans)); 

6 Ethvl (Z)-4-[[^5 5.dmiethvl-5.6-dihvdro>8(7H)- 

7 (carbethoxvmethvlidenvl)-naphthalen-2-vl)carboyamidh]-h^ 

8 (Compoand E50a(c£;)) and 

9 Ethvl (E)-4-[[(5.5-dimethvl-5.6-dihydro-8^(carbethoxvmethvl)- 

10 naphthalen-2-vl)carboxamido]-beii2a)ate (Compound £50b ) 

11 To a solution of (+/-) ethyl 4-[(5,5-dimethyl-5,6,7,8- 

12 teitahydro-8-aceto3y-8-carbetho3£ymethyl-naphthalen-2- " 

13 yI)carboxamido]-benzoate (Compoiind E49» 210.0 mg, 0.438 imnol) 

14 in 6.0 mL CH2CI2 was added l,8-diazobicyclo[5.4.0]undec-7-ene 

15 (200.0 mg, 1.314 mmol). The resulting solution was stirred at 

16 room temperature for 21 h, diluted with EtOAc, and the 

17 combined solution washed with 10% aqueous HQ and saturated 

18 aqueous NaQ before being dried over M^O^. Removal of the 

19 solvents under reduced pressure and column chromatography 

20 (15% EtOAc-hexanes) afforded pure (Compoand 50b)and a 

21 mixture of .Compoand ESOa(trans) and Compoand E50a(ar). 

22 Compound ESOsk(trans) and Compoand £50a(as) were isolated 

23 using reverse phase HPLC (5% H2O-CH3CN), each as a colorless 

24 solid. 

25 Compoand ESOaitrans): 

26 1h NMR (COaj): 5 1.30 (s, 6H), 1.31 (t, J = 7.1 Hz, 3H), 1.40 

27 (t, J = 7.1 Hz, 3H), 1.73 (t, J = 6.1 Hz, 2H), 3^1 (t, J = 6.1 Hz, 

28 2H), 4.16 (q, J = 7.1 Hz, 2H), 4 J6 (q, J = 7.1 Hz, 2H), 635 (s. 
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1 IH), 7.46 (d, J = 8.1 Hz, IH), 7.78 (d, J = 8.7 Hz, 2H), 7.82 (dd, 

2 J = 1.8, 8.1 Hz. IH), 8.04 (d, J = 8.7 Hz. 2H). 8.06 (d, J = 1.8 

3 Hz, IH), 8.41 (s, IH). 

4 Compound £50a(cu): 

5 iH NMR (CDdj): S 131 (t, J = 7.1 Hz. 3H). 1 J4 (s. 6H), 1.40 
e (t, J = 7.1 Hz. 31^. 1.88 (t. J = 6.5 Hz, 2H), 2.61 (t. J = 6.5 Hz. 

7 2H), 4.21 (q, J = 7.1 Hz, 4.37 (q, J = 7.1 Hz, 2H), 5.92 (t, J 

8 = 1.1 Hz, IH), 7.46 (d, J = 8.2 Hz, IH). 7.77 (d, J = 8.7 Hz, 2H), 
p 7.88 (dd, J = 1.9, 8.2 Hz, IH), 8.06 (d, J = 8.7 Hz. 2H). 839 (s, 

10 IH). 

11 (Compound £50b): 

12 ^H ^fMR (CDaj): 5 1.19 (t, J = 7.1 Hz, 3H), 1.28 (i 6H), 1.39 

13 (t, J = 7.1 Hz, 3H), 2.26 (d, J = 4.5 Hz, 3.49 (s, 2H), 4.11 (q, 

14 J = 7.1 Hz, 2H), 4.38 (q. J = 7.1 Hz, 2H), 5.97 (t, J = 4.5 Hz, 

15 IH), 735 (d, J = 8.0 Hz, IH), 7.70 (dd, J = 1.8, 8.0 Hz, Ih), 7.74 

16 (m, 3H), 8.00 (d, J = 8.7 Hz, 2H), 8.41 (s, IH). 
rZ)-4-rrr5.5-Dimethvl-5.6- dihvdro-8r7H)-rcarboinmiethY lirf 

" naphthalen-2-vncarbQTaiHi do]-benmicagirl (Componnd £52) 

19 A solution of ethyl (Z)-4-[(5,5-dimetIiyl-5,6-dihydro-8(7H)- 

20 (carbethoigmetIiyIidenyI)-naphthaIen-2-yI)carboxamido]-benzoate 

21 (Compound E50a(<:£r), 15.0 mg, 0.034 mmol) and NaOH (80.0 mg, 

22 2.00 mmol; 2.0 mL of a IM aqueous solution) in 2.0 mL EtOH 

23 and 1.0 mL THF was stirred overnight at room temperature. The 

24 reaction was quenched by the addition of 10% HQ and extracted 

25 withEtOAc. The combined organic layers were washed with H2O 

26 and saturated aqueous NaQ, imd dried over Na2S04. Removal of 

27 the solvents under reduced pressure and crystallization from 

28 CH3CN afforded the title compound as a colorless solid. 
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1 % NMR (acetone-d6): 8 1.35 (s, 6H), 1.87 (t, j = 6.6 Hz, 2H), 

2 2.61 (m, 2H). 5.91 (t, J = 13 Hz, IH). 7.55 (d, J = 8.3 Hz, IH), 

3 7.91-8.04 (m, 5H), 8.29 (d, J = 1.9 Hz, IH), 9.66 (s, IH). 

4 fE>-4-ffr5^-Dimethvl-5.6^vdrQ-8r7m. rcariM)iRmiftthv1i^ 

s naphthalen-2-vncarbQMT nido]-ben2oicadd (Compoimd £53) 

6 A solution of ethyl (E)-4-[(5>dimethyl-5,6-dihydro-8(7H)- 

7 (carbetIi03^etliyIidenyl)-naphthaIen-2-yI)carboxamido]-beiizoate 

8 (Compound ESOaCfrans), 20.0 mg, 0.046 mmol) and NaOH (160.0 

9 mg, 4.00 mmol; 4.0 mL of a IM aqueous solution) in 3.0 mL 

10 EtOH and 1.0 mL THF was stirred overnight at room 

11 temperature. The reaction was quenched by the addi^on of 10% 

12 HQ and extracted with EtOAe. The combined organic layers 

13 were washed with H2O and saturated aqueous NaO, and dried 

14 over Na2SO^. Removal of the solvents under reduced pressure 

15 and crystallization from CH3CN afforded the title compound as a 

16 colorless solid. 

17 iH NMR (acetone-dg): S 134 (s, 61^, 1.76 (t, J = 6.9 Hz, 2H), 

18 3.24 (m, 2H), 6.46 (t, J = 1.8 Ife, IH), 7.62 (d, J = 8.2 Hz, IH), 

19 7.95-8.05 (m, 5H), 8.29 (d, J = 1.9 Bz, IH), 9.91 (s. IH). 

20 Ethvl 4- [[r5.5-dimethvl-8-hvdroxv-8-rcarbethoxvV5.6.7.8- 

21 tetrahvdro naphthalen-2-vl')carbonvl]oxv]ben2oate (Cnmpnnnd F<Mj 

22 To a suspension of Zn (500.0 mg, 7.65 mmol) in 10 mL 

23 benzene at 100 °C was slowly added a solution of ethyl 2- 

24 bromoacetate (150J mg, 0.900 mmol) and ethyl 4-[[(5,5-dimethyl- 

25 8(7H5-one-5,6-dihydronaphthalen-2-yl)carbonyI]oi9^]benzoate 

26 (Compound E44, 110.0 mg, 0300 mmol) in 10.0 mL benzene. The 

27 resulting mixture was heated for 2 h, cooled to room temperature, 

28 and the solution decanted from the residual solids. The solids 
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1 were washed with EtOAc and the combined organic layers washed 

2 with cold 15% H2SO4, saturated aqueous NaHCX^j, and saturated 

3 aqueous Naa before being dried over MgS04. Removal of the 

4 solvents under reduced pressure and cohimn chromatography 

5 (15% EtOAc-hexanes) afforded the tide compound as a pale- 

6 yellow oil. 

7 iH NMR (CDQj): 8 130 (t, J = 7.1 Ife, 3H), 133 (s, 3H), 1J7 

8 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H), 1.72-1.90 (m, 2H), 2.11 (m. 2H), 

9 2.84 (m, 2H), 4.23 (q, J = 7.1 Hz. 2H), 4J1 (s, IH), 439 (q, J = 
10 7.1 Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H). 7.46 (d, J = 83 Hz, IH), 

ti 8.03 (dd, J = 1.8, 8.3 Hz, IH), 8.12 (d, J = 8.8 Hz, 2H), 8.43 (d, J 
t2 = 1.8 Hz, IH). 

" Ethyl 4-rf r 5.5-dimethvl-8 -rcarbethoxv)-5.6-dihvdrQnaDhthalen-2- 
w vncarbonvl]oxv]benzQat€ (Compound £55) 

15 To a solution of (+/-) ethyl 4-[[(5,5-dimethyl-8-hydro:^-8- 

16 (carbethoxy)-5,6,7,8-tetrahydronaphthaIen-2- 

17 yI)carbonyl]o3yJbenzoate (Compound E54, 35,0 mg, 0.077 mmol) 

18 in 10 mL benzene was added a catalytic amount (approximately 2 

19 mg) of /?-toluenesulfomc add monohydrate. The solution was 

20 heated to reflux under a Dean-Stark trap for 3 h, and then cooled 

21 to room temperature and stirred overnight. The solvent was 

22 removed under reduced pressure and the title compound isolated 

23 from the residue by column chromatograpl^ (10% EtOAc- 

24 hexanes). 

25 iH NMR (CDQ^y. S 1.21 (t, J = 7.1 Hz, 3H), 1.33 (s, 6H), 1,41 

26 (t, J = 7.1 Hz, 3H), 2.31 (d, J = 4.6 Hz, 2H), 3.54 (s, 2H), 4.14 (q, 

27 J = 7.1 Hz, 2H), 4.39 (q, J = 7.1 Hz, 2H), 6.01 (t, J = 4.6 Hz, 

28 IH), 7.28 (d, J = 8.7 Hz, 2H). 7.46 (d, J = 8.1 Hz,lH). 8.00 (d, J 
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1 = 1.7 Hz, IH), 8.04 (dd, J = 1.7, 8.1 Hz, IH), 8.13 (d, J = 8.7 Hz, 

2 2H). 

3 Ethvl 4-[5.6.7.8-tetrahvdro-8/R or SU2*rR or S}- 

4 tetrahvdropvranoxv)-5.5- 

5 dimethvl-2-napthovloxv]beDzoate (Componnd E5<>a) and 

6 Ethvl 4-[5.6.7.8-tetrahvdro-8ni or SU2*(S or R}- 

7 tetrahvdropvraDoxv)>5^- 

8 dimftthYl. ?-napthoyloxv]benzoate (Compoimd E56b) 

9 To a solution of ethyl 4-[5,6,7,8-tetral9rdr6-8(R or S)- 

10 hydroxy-5,5-dimethyl-2-napthoyIo3gr]benzoate (Compoimd £40, 243 

11 mg, 0.66 mmol) in anhydrous CH2C12 (10 mL) was added 3,4- 

12 dihydro-2H-pyran (184 mg, 2.2 mmol) followed by pyridinium p- 

13 toluenesulfonate (26 mg, 0.1 mmol). The reaction mixture was 

14 stirred at ambient temperature for 16 h, and diluted with CF^Qi 

15 (20 mL). The mixture was washed successively with water (5 

16 mL), saturated NaHCOj (10 mL) ,water (10 mL) and brine (10 

17 mL). The organic phase was dried over MgS04 and then 

18 concentrated in vacuo to a pale yellow oil. Purification by flash 

19 column chromatography (silica, 20% EtOAc-hexane) followed by 

20 HPLC separation (partisil 10, 10% EtOAc-hexane) afforded the 

21 title compounds as colorless oil. 

22 Ethyl 4-[5,6,7,8-tetraIgrdroi8(R or S)-(2*(R or S)- 

23 tetrahydropyranoxy)-5,5- 

24 dimethyl-2-napthoyloxy]benzoate (Componnd E56a) 

25 IH NMR (CDO^: S 1.28 (s, 3H), 135 (s, 3H), 137 (t, J = 

26 7.1Hz, 3H), 1.51-2.11(m, lOH), 3.54-3.61 (m, IH), 3.96-4.03 (m, 

27 IH), 4.35 (q, J = 7.1Hz, 2H), 4.70 (t. J = 5.0Hz, IH), 4,87 (t, J = 

28 2.3Hz, IH), 7.28 (d, J = 8.3Hz, 2H), 7.45 (d. J = 8.2Hz, IH), 8.02 
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1 (dd, J = 1.9. 8JHz, IH), 8.10-8.13 (m, 3H). 

2 Ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(S or R)- 

3 tetrabydropyrano;9r)-5,5- 

4 dimethyI-2-napthoylo:^]beiizoate (Componnd £56b) 

s IH NMR (CDU^z S 1J29 (s, 3H). 1.35 (s, 31^, 137 (t. J = 

6 7.1Hz, 3H), 1.58-2.10(m, lOH), 3.57-3.63 (m, IH), 4.01-4.08 (m, 

7 IH), 4J5 (q, J = 7.1Hz, 2H), 4.82 (t, J = 43Hz, IH), 4.93 (t, J = 

8 3.6Hz, IH), 7.26 (d, J = 8.3Hz, 2H), 7.44 (d, J = 8.2Hz, IH), 8.01 
8 (dd, J = 1.9, 83Hz, IH), 8.10 (d, J = 8.6Hz, 2H), 8.37 (d, J = 

10 1.8Hz, IH). 

11 Ethvl 4-[5.6.7.8-tetrahvdro-8rS or R)-r2YR or SV- 

12 tetrahvdropvranoxv)-5.5^ 

13 dimetfavl-2-napthovloxv]beiizoate (Componhd £58a) and 

14 Ethvl 4-[5.6.7.8-tetrahvdro-8rS or R)-r2YS or R}- 

15 tetrahvdropvranoxv)-5.5- 

16 dimethvl-2-napthovloxv]benzoate (Componnd £58b) 

17 Employing the same general procedure as for the 

18 preparation of ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-2(2'(R or S)- 

19 tetrahydropyranoxy)-5,5-dimethyl-2-napthoyIo}Qr]benzoate and 

20 ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-2(2'(S or R)- 

21 tetrahydropyranoxy)-5,5-dimethyI-2-napthoyloigrP)en2oate, ethyl 4- 

22 [5,6,7,8-tetrahydro-8(R or S)-hydro39r-5,5-dimethyI-2- 

23 napthoyIoxyp>enzoate (Componnd E40, 222 m^ 0.6mmol) was 

24 converted to a mixture of diastereomers using 3,4-dihydro-2H- 

25 pyran (184 mg, 2.2 mmol) and pyridinium p-toluenesulfonate (26 

26 mg, 0.1 mmol). Purification by flash colimm chromatography 

27 (silica, 20% EtOAc-hexane) followed by HPLC separation 

28 (partisil 10 , 10% EtOAc-hexane) afforded the title compounds as 
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1 colorless oils. 

2 Ethyl 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(R or S)- 

3 tetrahydropyranoxy)-5^- 

4 dimethyl-2-iiapthoylo?^]benzoate (Componnd £S8a): 

5 IH NMR (CDQs): S 1.29 (s, 3H), 135 (s, 3H), 137 (t, J = 

6 7.1Hz, 3H), 1.52-2.15(m, lOH), 3 J4-3.61 (m, IH). 3.96-4.03 (m, 

7 IH), 435 (q, J = 7.1Hz, 2H), 4.70 (t. J = 5.QHz, IH), 4.87 (t, J = 

8 2.3Hz, IH), 7.26 (d, J = 83Hz, 2H), 7.46 (d, J = 83Hz, IH), 8.02 

9 (dd, J = 1.9, 8.3Hz, IH), 8.10-8.13 (m, 3H). 

10 Ethyl 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(S or R)- 
ti ietrahydropyranoxy)-5,5- 

12 dimethvl-2-naphthoyloxv]benzoate (CompoPBd ES8b) ^ 

13 IH NMR (CDag): 5 132 (s, 3H), 135 (s, 3H), 137 (t, J = 

14 7.1Hz, 3H), 1.57-2.10(m, lOH), 3.57-3.64 (m, IH), 4.01-4.08 (m, 

15 IH), 435 (q, J = 7.1Hz, 2H), 4.82 (t, J = 4.5Hz, IH), 4.94 (t, J = 

16 3.6Hz, IH), 7.26 (d, J = 8.3Hz, 2H), 7.44 (d, J = 8.2Hz, IH), 8.00 

17 (dd, J = 1.9, 83Hz, IH), 8.10 (d, J = 8.6Hz, 2H), 836 (d, J = 

18 1.8Hz, IH). 

19 Benzvl 4-[5.6.7.8-tetrahvdro-8(R or S)-(2'(R or 

20 SHetrahvdropvranoxy>-5,5-diniethvI-2-napthovloxv3benzoate 

21 (Compound £60a) and 

22 Benzvl 4-[5.6.7.8-tetrahvdro-8rR or S)-r2'(S or 

23 R)tet^ahvdropvranoy Y^-5,5-^^im ethvl-2-napthovloxv]benzoate 

24 (Componnd £60b) 

25 Employing the same general procedure as for the 

26 prepartion of ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R or S)- 

27 . tetrahydropyranoxy)-5,5-dimethyl-2-napthoylo3y]benzoate and 

28 ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2*(S or R)- 
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t tetrahydropyrano3y).54.dimethyI.2-napthoyIo:9rjben2oate, benzyl 

2 4-f5,6,7,8-tetrahydro-8(R or S)-lQrdroiy-5,5-dimethyI-2- 

3 napthoyloxyjbenzoate (Compound E82, 142 mg, 0 Jmmol) was 

4 <»iiverted to a inixture of diastereomers usmg 3,4-d%dro-2H- 

5 pyran (184 mg, 2.2 mmol) and pyridinium p-toluenesulfonate (26 

6 mg, 0.1 mmol). Purification by flash column chromatography 

7 (sQica, 20% EtOAc-hexane) fbUowded by HPLC separation 

8 (partisfl 10 PAC , 10% EtOAc-hexane) afforded the title 
8 compounds as colorless oil. 

10 Benzyl 4-f5,6,7,8-tetrahydro-8(R or S)-(2'(R or 

ti S)tetrahydropyrano39r).5,5.dimetIorl.2.napthoylOjty]benzoate 

12 (Componnd 60a) . 

13 IH NMR (COa^): S 1.30 (s, 3H), 1.37 (s, 3H), 1.54-2.16 (m, 

14 lOH), 3.55-3.63 (m, IH), 3.98-4.05 (m, IH), 4.72 (t, J = 4.9Hz, 

15 IH), 4.89 (t, J = 4.6H2^ IH), 5.39 (s, 2H), 7.28 (d, J = 8.6Hz, 

16 2H), 7.31-7.50 (m, 6H), 8.03 (dd, J = 1.9, 8JHz, IH), 8.12-8.18 

17 (m, 3H). 

18 BenzjrI4-[5,6,7,8-tetrahydro-8(RorS)-(2*(Sor 

19 R)tetrahydropyranoxy)- 

20 5,5-dimethyI-2-napthoyloxy]benzoate (Componnd E60b) 

21 IH NMR (CDOj): S 1 JO (s, 3H), 1 J5 (s, 3H), 1.54-2.08 (m, 

22 lOH), 3.57-3.64 (m, IH), 4.01-4.08 (m, IH), 4.82 (t, J = 4.4Hz, 

23 1«), 4.94 (t, J = 3.9Hz, IH), 537 (s, 2H), 7.27 (d, J = 6.8Hz, 

24 2H), 7.34-7.47 (m, 6H), 8.00 (dd, J = 2.0, 8.3Hz, IH), 8.10 (d, J = 

25 9.2Hz, 2H), 8J6 (d, J = 1.9Hz, IH). 

26 Benzvl 4-[5. 6.7.8-tetrahvdro-8rS or n^.(T( R nr 

^ S)tetrahvdropvranoxvV5.5 -drmethvl.2-naDthQvloigV] hftn7naf^ 
2« (Compound £62a) and 
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' Benzvl 4-[5.6 ,7.8-tetrahvdro-8rS or nV(r(^ nr 

2 R)tetrahvdroDvranoxv^-5.5-dimftthYl-?-, ,aothov!oin/] hftnTr>afi> 

3 (C mponnd E62b) 

4 Employing the same general procedure as for the 

5 prepartion of etbyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R or S)- 

6 tetrahydropyranoiy)-5^-dimethyI-2-napthoyIoxyr]ben2oate and 

7 ethyl 4-[5,6,7,8-tetralgrdro-8(R or S)-(2'(S or R)- 

8 tetrahydropyrano3gf)-5^-dimethyl-2-napthoylo3grJbenzoate, benzyl 

9 4-[5,6,7,8-tetrahydro-8(R or S)-hydroiy-5^-dimethyl-2- 

to napthoylojyjbenzoate (Compoond E82, 142 mg, 0 Jmmol) was 

11 converted to a mixture of diastereomers using 3,4-diI^dro-2H- 

12 pyran (184 mg, 2.2 mmol) and pyridmium p-toluenesulfonate (26 

13 mg, 0.1 mmol). Purification by flash column chromatography 

14 (silica, 20% EtOAc-hexane) followed by HPLC separation 

15 (partisil 10 PAC , 10% EtOAc-hexane) afforded the tide 

16 componds as colorless oils. Separation of the diastereomers gave 

17 a 1:1 ratio of the title compounds both as colorless oils (RT = 32 

18 minutes and 39 minutes), respectively; 

18 Benzyl 4-[5,6,7,8^tetrahydro-8(S or R)-(2'(R or 

20 S)tetrahydropyranoxy)-5,5-dimethyI-2-napthoylo:9rjbenzoate 

21 (Compound E62a): 

22 IH NMR {CDO^: S 1.30 (s, 3H), 137 (s, 3H). 1.52-2.15 (m, 

23 lOH), 3.54-3.61 (m. IH). 3.96-4.03 (m, IH), 4.70 (t, J = 5.0Hz, 

24 IH). 4.87 (t, J = 43Hz, IH), 5.37 (s, 2H), 7.26 (d, J = 6.7Hz, 

25 2H), 7.29-7.49 (m, 6H), 8.02 (dd, J = 1.9, 83Hz, IH), 8.10-8.17 

26 (m, 3H). 

27 Benzvl 4-[5.6 .7.8-tetrahvdro-8rS or R\.(2'(fi nr 

28 RHetrahvdropvfanQitY)- 5.5-diinethvl-2-napthQvloxv]benzoate 
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' 1 (Compound E62b): 

2 IHNMR (CDOj): S 130 (s, 3H), 1J5 (s, 3H), I^ZIO (m, 

3 lOH), 3^7-3.64 (m. IH), 4.01-4.08 (m, IH), 4.82 (t, J = 4.7Hz, 

4 IH), 4.94 (t, J = 3JHZ, IH), 537 (s, 2H), 7.27 (d, J = 6.8H2, 

5 2H), 7.34-7.47 (m, 6H), 8.00 (dd, J = 2.0, 83Hz, IH), 8.10 (d, J = 

6 9.2Hz, 2J^, 836 (d, J = 1.9Hz, IH). 

7 4-r5.6J.8-tetrahvdro-8(R or SUTCR or S^tetrahvdroDvranoxv^-5.5- 
< dfmethvl-2 -napthoVlQxv]benzoic add (Compound £64) 

9 To a solution of benzyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R 

10 or S)tetrahydropyrano39r).5^-dimethyrI-2-napthoylo3gr]benzoate 

11 (Compound E60a, 15 mg, 0.03 mmol) in etbyt acetate^(5 mL) was 

12 added a catalytic amount of 10% Pd/C. The reaction niirture was 

13 then placed under a blanket of Hj by using a H2 balloon and 

14 stirred at ambient temperature for 12 h. The reaction mixture was 

15 then filtered through a plug of Mg^O^ and the filtrate was 

16 concentrated under reduced pressure to give a white solid. 

17 Reaystallization from acetonitrile gave the title compound as a 

18 white solid. 

19 m NMR (COa^): 8 1.30 (s, 3H), 137 (s, 3H), 1.51-2.17 (m, 

20 lOH), 3.57-3.64 (m, IH), 3.98-4.06 (m, IH), 4.72 (t, J = 4.9Hz, 

21 IH). 4.90 (t, J = 4.6Hz, IH). 731 (dd. J = 2.5,93Hz, 2H), 7.48 

22 (d, j = 83Hz, IH). 8.04 (dd, J = 1.9. 83Hz, IH), 8.13 (d, J = 

23 1.7Hz, IH), 8.17 (dd, j = 2.4, 93Hz, 2H). 
4-r5.6.7.8-tetrahvdro-8(R OTSUTfS or R>tetrahvdroDvranoxv;^-5.5- 

2s dimethvl-2- napthovloxv]benzoic add (Compoond £65) 

26 Employing the same general procedure as for the 

27 preparation of 4-[5,6,7,8-tetrahydro-8(R or S)-(2*(R or 

28 S)tetrahydropyranoxy)-5,5-dimethyl-2-napthoylo3cy]benzoic add 
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t (Componnd E64), benzyl 4.f5,6,7.8-tetraliydro-8(R or S)-(2'(S or 

2 R)tetrahydropyranoxy)-54-dimethyI.2-napthoyIo:gr]benzoate 

3 (Componnd EdOb, 15 mg, 0.03 mmol) was converted to the title 

4 compound (white solid). 

5 IH NMR (CDOg): S 130 (s. 3H), 136 (s, 3H). 1.55-2.11 (m, 

6 lOH), 3.59-3.64 (m, IH), 4.02-4.10 (m, IH), 4.83 (t, J = 5.OH2, 

7 IH), 4.95 (t, J = 3.7Hz, IH), 7.29 (d, J = 8.7Hz, 2H), 7.4 (d, J 

8 = 8JHZ, IH), 8.01 (dd, J = 1.8, 8.2Hz, IH), 8.16 (d, J = 8.6Hz, 

9 2H), 8.37 (d, J = 2.0Hz, IH). 

^0 4-f5,6J.8-tetrahvdro-8m o r SVr2>(R or SUetrahvdmpYranoxv)-S.5- 
dimethvl-2-napthovlox v]benzoic acid (CtanpnnnA v/x^ 

12 Employing the same general procedure as for the 

13 preparation of 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R or 

14 S)tetrahydropyranoxy)-5,5-dimethyl-2-napthoyIoxy]benzoic add 

15 (Componnd E64), benzyl 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(R or 

16 S)tetrahydropyrano)^)-5,5-dimethyI-2.napthoylo:y]benzoate 

17 (Compound E62a, 15 mg, 0.03 mmol) was converted to the title 

18 compound (white solid). 

« ^H NMR (CPQ3): 8 1.29 (s, 3H), 1J6 (s, 3H), 1.53-2.15 (m, 

20 lOH), 3.56-3.63 (m, IH), 3.97-4.04 (m, IH), 4.71 (t, J = 4.9Hz, 

21 IH). 4.89 (t, J = 4.3Hz, IH), 730 (d, J = 8.8Hz, 21^, 7.47 (d. J 

22 = 8.4Hz, IH), 8.03 (dd, J = 1.9, 8.2Hz, IH), 8.11 (d, J = 2.0Hz, 

23 IH), 8.17 (d, J = 8.6Hz, 2H). 

2^ 4-r5,6.7,8-tetrahvdro-8<;S o r RVr2YS or R^tetrahvdrQpvranoxvV5.5- 

25 dimethvl- 2TnapthovIoxv]benzoic acfd (Compound E67) 

26 Employing the same general procedure as for the 

27 preparation of 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R or 

28 S)tetrahydropyranoxy)-5,5-dimethyI-2-napthoyIoxyJbenzoic add 
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1 (C mponnd E64) benzyl 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(S or 

2 R)tetrahydropyranoxy)-5,5-dimetliyI-2-napthoyIo:gr]benzoate 

3 (C mponnd E62b, 15 mg, 0.03 mmol) was converted to the title 

4 compound (white solid). 

5 IH NMR (CDaj): S 131 (s. 3H). 137 (s, 3H), 135-2.09 (m, 

6 lOH), 3.60-3.65 (m. IH), 4.C)4-4.10 (m, IH), 4.85 (t, J = 4.8H2, 

7 Hi), 4,96 (t, J = 3.8Hz, U^, 731 (d, J = 8.6Hz, 2H), 7.46 (d, J = 

8 83Hz, IH), 8.03 (dd, J = 1.9, 8.2Hz, IH), 8.18 (d, J = 8.6Hz, 

9 2H), 838 (d, J = 1.7Hz, IH). 

w Ethvl 4^[5.6. 7.8-tetrahvdro-8rS or R^-(2'(R nr 
ti S>tetrahvdropvranQry)5.5- 

^2 dimethYlnaphthalene-2-v !)carboxaim-do]benzoate (Compoimd 
13 E70a) and 

^* Ethvl 4-[5.6. 7.8-tetrahvdro^rS or R)-(7.Y <; nr 
« R')tetrahvdropvranoyy} 5, 5- 

dimethvlnaDhthalene-2- vncarboxamido]ben7.oate (Componnd 

17 E70b) 

18 Employing the same general procedure as for the 

19 prepartion of ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R or S)- 

20 tetrahydropyranoxy)-5,5-dimethyl-7napthoyIoiy]benzoate and ethyl 

21 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(S or R)-tetrahydropyrano]gr)- 

22 5,5-dimethyl-7-napthoylo35rJbenzoate, (+/-) ethyl 4-[(5,5-dimetIgrl- 

23 8-hydroxy-5,6,7,8-tetrahydronaphthalen-2-yl)carboxamido]benzoate 

24 (Componnd E32, 142 mg, 03mmol) was converted to a mixture of 

25 diastereomers using 3,4-dihydro-2H-pyran (184 mg, 2.2 mmol) 
28 and pyridinium p-toluenesulfonate (26 mg, 0.1 mmol). 

27 Purification by flash column chromatography (silica, 20% EtOAc- 

28 hexane) foUowed by HPLC separation (partisil 10 PAC , 20% 
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1 EtOAc-hexane) of the diastereomers gave a 1;1 ratio of the title 

2 compounds, both as colorless oil (RT = 53 minutes and 60 

3 minutes), respectively. 

4 Ethyl4-f5,6,7,8-tetrahydro-8(SorR)-(2'(Ror 

5 S)tetrahydropyranoxy)5,5- 

6 dimethyInaphthalene-2-yl)carboxamidoJbenzoate (Compoiind 

7 E70a): 

8 IH NMR (0)03): S 1.24 (s, 3H), 130 (s, 1.34 (t. J = 
0 7.1H2, 3H), 1.48-2.10 (m, lOH), 3.52-3.56 (m, IH), 3.92-3.98 (m, 

10 IH), 4.30 (t. J = 7.1Hz, 2H), 4.61 (t, J = 4.8Hz, IH), 4.80 (t, J = 
ti 4.5Hz, IH), 7.36 (d, J = 8.2Hz, IH), 7.68-7.74 (m, 3H^, 7.80 (d. J 

12 = 1.9Hz, IH), 7.98 (d, J = 8.7H2, 2H), 8.28 (s, IH). ^ 

13 Ethyl 4-[5,6,7,8-tetrahydro-8(S or R)-(2*(S or 
R)tetrahydropyranoxy)5,5- 

dimethyhiaphthalene-2-yI)carboxaniidoJbenzoate (Gompound 
IS E70b): 

17 IH NMR (CDO^): S 1.26 (s, 3H), 132 (s, 3H), 136 (t, J = 
7.1Hz, 3H), 1.58-2.04 (m, lOH), 3.57-3.61 (m, IH), 4.00^.05 (m, 
IH), 431 (t, J = 7.1Hz, 2H), 4.78 (t, J = 4.9Hk, IH), 4.86 (t, J '= 
4.6Hz, IH), 737 (d, J = 8.2H2, IH), 7.73-7.75 (m, 3H), 8.00-8.03 

21 (m, 3H), 8.34 (s, IH). 

22 Ethvl 4-[5.6. 7.8-tetrahvdro-8rR or R\.(T( Ti »r 

23 SHetrahvdr opvranoify) ^- 

d^methvlnaDhthalene-2-vT^r■a^hoxanlidn] hP■n^o^f^ (Compound 
25 E72a) and 

Ethvl 4-[5.6.7. 8-tetrahvdro-8rR OT Si\~(T( !Z nr 
27 R)tetrahvd ropvranQyv) 5, 5- 

^ dimethvlnaphthalene.2-vl->«i rbo3camidn] hftnTr.afA (Compound 



14 

15 



16 
19 
20 



24 



26 
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1 E72b) 

2 Employing the same general procedure as for the 

3 preparation of ethyl 4-[5,6,7,8.tetraIydro-8.(R or S)-(2'(R or S)- 

4 tetrahydropyrano:gr)-5>dimethyl-7-napthqyIoxy]benzoate and 

5 ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(S or R)- 

6 tetrahydropyranoxy).54-dimethyI-7-napthoylo3grJbenzoate, ethyl 4- 

7 f5,6,7,8-tetraltydro-8(R or S)-hydroiy-54-dimethyhiaphthaIene-2- 
B yI)carboxamidoJbenzoate (Compound E32, 142 mg, 03mmol) , was 
9 converted to a mixture of diastereomers using 3,4-dihydro-2H- 

10 pyran (184 mg, 2.2 nmiol) and pyridinium p-toluenesulfonate (26 

11 mg, 0.1mmol). Purification by flash column chromatography 

12 (silica, 20% EtOAc-hexane) followed by HPLC separation 

13 (partisil 10 PAC , 20% EtOAc-hexane) afforded the title 

14 compounds as colorless oil. 

15 Ethyl 4-[5,6,7,8-tetrahydro-8(R or S)-(2'(R or 

16 S)tetrahydropyrano3y)5,5- 

17 cIimethyhiaphthalene-2-yl)carboxamido]benzoate (Compoimd 

18 E72a): 

19 IH NMR (CX>a3): S 1.25 (s, 3H), 1.32 (s, 3H). 135 (t, J = 

20 7.1Hz, 3H). 1.54-2.10 (m, lOH), 333-3.60 (m, IH), 3.94-4.01 (m, 

21 IH), 4.31 (t, J = 7.1Hz, 2H). 4.64 (t. J = 4.9Hz, IH), 4.83 (t. J = 

22 4.3Hz, IH). 739 (d, J = 8.2Hz, IH). 7.68-7.73 (m. 3H), 7.80 (d, J 

23 = 1.8Hz. IH), 8.01 (d. J = 8.7Hz, 2H), 8.12 (s, IH). 

24 Ethyl 4-[5,6.7.8-tetrahydro-8(R or S)-(2'(S or 

25 R)tetrahydropyranoxy)5,5- 

26 dimethylnaphthalene-2-yl)carboxamidoJbenzoate (Compoimd 

27 E72b) 

28 IH NMR (Cbaj): S 1.29 (s. 3H), 134 (s, 3H). 1.37 (t. J = 
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1 7.1Hz. 3H), 1.56-2.10 (m, lOH), 3.58-3.65 (m, IH), 4.01-4.08 (m, 

2 IH), 4.33 (t, J = 7.1H2, 2H), 4.81 (t, J = 4.9Hz, IH), 4.88 (t, J = 

3 4.6Hz. IH), 7.42 (d, J = 8 JHz. IH), 7.72-7.78 (m, 3H), 8.02-8.07 

4 (m, 3H), 8.11 (s, IH). 

s 4-[5.6.7.8-te trahvdro-8(S or R^-(2'(R or S'>tetrabvdropvranoyy)5.5- 

6 dimethvI-naphthalene-2-vncarboTanii do]ben2oicacid (Compound 

7 E74) 

8 To a solution of ethyl 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(R 
ar or S)tetrahydropyranoxy)5,5-dimethyInaphtIialene-2- 

10 yI)carboxamido]benzoate (Componnd E70a, 54 mg, 0.12 mmol) in 

11 THF (2 mL) and methanol (1 mL) was added 0.5 M 

12 lithiumhydroxide (2 niL, 1 mmol). The reaction mixtufe was 

13 stirred at ambient temperature for 12 h. The reiaction mixture was 

14 diluted with EtOAc (15 mL), and acidified with 10% HQ to pH 4. 

15 The organic layer was washed with water (5 mL), brine (10 mL), 

16 dried (MgSO^) and the solvent removed under reduced pressure. 

17 Reciystallization from EtOAo/hexane afforded the title compound 

18 as a white solid. 

19 IH NMR (acetone-dg): S 1.27 (s, 3H), 1 33 (s, 3H), 1.49-2.11 (m, 

20 lOH), 2.80 (br, IH), 3.51-3J8 (m, IH), 3.89-3.96 (m, IH), 4.67 (t, 

21 J = 4.4Hz, IH), 4.89 (t, J = 4.5Hz, IH), 7.52 (d, J = 8.2Hz, IH), 

22 7.80 (d, J = 1.9Hz, IH), 7.91-8.04 (m, 5H), 9.73 (s, IH). 

» 4-[5.6.7.8-te trahvdro-8(S or R)-r2YS or RUetrahvdropvranoyy)5.5- 

24 dimethvl- napfathaIene-2-vncarboxamido]benzoic acid (Compound 

25 E75) 

26 Employing the same general procedure as for the 

27 preparation of 4-[5,6,7,8-tetrahydro-8(S or R)-(2*(R or 

28 S)tetrahydropyranoxy)5,5-dimethyl-naphthalene-2- 
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14 



16 
17 
. 18 
19 
20 
21 
22 
23 



1 yI)carboxamidoJbeiizoic acid (Compound E74) ethyl 4-[5,6,7,8- 

2 tetrahydro-8(S or R)-(2'(S or R)tetrahydropyraii9xy)5^. dimethyl- 

3 naphthaIene-2-yI)carboxainidoJbenzoate (Compoand E70b, 36 mg, 

4 0.08 mmol) was converted into the title compound (white solid). 

5 IH NMR (acetone-dg): S 1.28 (s, 3H), 134 (s, 3H), 131-2.02 (m, 

6 lOH), 2.80 (br, IH), 3.55-3.60 (m, 11^, 3.96-4.03 (m, IH), 4.77 (t, 

7 J = 5.4H2, IH), 4.92 (t, J = 3.8Hz, IH), 730 (d, J = 83Hz, IH), 

8 7.82 (dd, J = 2.0, SJHz, IH), 7.97-8.02 (m, 4H), 8.09 (d, J = 
8 1.9H2, iH), 9.77 (s, IH). 

4-r5,6,7,8-tetrahvdro-8n? nr 5; vr2YR or S'^tefTahydrop yrannvy)^,^- 

" dimethyI-naDhthalene-2-vl}r^rhoTaih»Hn] henzoicacid (Compound 

12 E76) 

13 Employing the same general procedure as for the 
preparation of 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(R or 

15 S)tetrahydropyranoxy)-5,5-dimethyl-naphthalerie-2- 

yl)carboxamidojbenzoic add (Compound E74), ethyl 4-[5,6,7,8- 
tetrahydro-8(R or S)-(2'(S or R)tetrahydropyranoxy)5,5- dimethyl- 
naphthalene-2-yI)carboxamidoJbenzoate (Compound E72b, 36 mg, 
0.08 mmol) was converted into the title compound (white solid). 
IH NMR (COa^: S 1.28 (s, 3H), 1.34 (s, 3H). 1.55-2.08 (m, 
lOH), 3.59-3.65 (m. IH), 4.04-4.12 (m, IH), 4.82 (t, J = 4.9Hz. 
IH). 4.88 (t, J = 2.6Hz, IH), 7.43 (d, J = 83Hz, IH), 7.74-7.81 
(m, 3H), 8.02 (d, J = 1.8Hz, IH), 8.06 (d, J = 8.7Hz, 2H), 830 (s. 



24 IH). 

2* 4-r5,6j.8-tetrahvdro-8n? or SVr2YS nr R) t etrabvdrQp yrannTy)<;,^. 

2« dimethvl-naphthaIene-2-v ncarboxamidoJbeDzoicacid (Compound 

27 E77) 

28 Employing the same general procedure as for the 
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1 preparation of 4-[5,6,7,8-tetrahydro-8(S or R)-(2'(R or 

2 S)tetrahydropyranoxy)5,5-dimethyl-naphthaIene-2- 

3 yI)carboxamidoJbenzoic add (Compoiind E74), ethyl 4-[5,6,7,8- 

4 tetrahydro-8(R or S)-(2'(S or R)tetrahydropyranojgr)5^. dimethyl- 

5 naphthalene-2-yI)carboxamido]benzoate (Compoond E72a, 36 mg, 

6 0.08 mmol) was converted into the title compound (white solid). 

7 IH NMR (CDQa): 5 1.27 (s, 3H), 1 34 (s. 3H), 1.55-2.13 (m, 

8 lOH), 337-3.63 (m, IH), 3.97-4.03 (m, IH), 4.70 (t, J = 4.7Hz, 
0 IH), 4.89 (t, J = 2.4Hz, IH), 7.44 (d, J = 8.3Hz, IH). 7.72-7.77 

10 (m, 3H), 7.82 (d, J = 1.9Hz, IH), 8.06-8.10 M, 3H). 
" 5.5-dimethvl-5.6-dihvdm- 8-(l.l-dimethvlethvn-2- 
12 naphthalen ecarboicv lic arid (ComiM>imd £78) 

A solution of 7-bromo-l-(l,l-dimethyIethyI).3,4-dihydro- 
4,4-dimethykiaphthaIene (Componnd C42, 450.0mg, 1.54 mmol) 
in 20 mL of THF was cooled to -78 "C and 1973 mg (3.08 mmol; 
16 1.8 mL of a 1.7M solution in pentane) added giving a pale-yeUow 
solution. After Ih, C02 (from evaporation of Diy Ice, dried with 
C^S04) was bubbled through the solution for Ih. After stirring at 
-78 for an additional hour, the reaction was quenched with 

20 10% aqueous HQ. The solution was extracted with EtOAc and 

21 the combined organic layers washed with HjO and saturated 
aqueous NaQ before being dried over Na2S04. Removal of the 
solvents under reduced pressure, and washing of the residue with 

24 hexanes afforded the title compound as a colorless solid. 

IH NMR (CDOj) S: 1.25 (6H, s), 138 (9H, s), 2.17 (2H. d, J = 
4.9 Hz). 6.02 (IH. t, J = 4.9 Hz), 7.41 (IH. d, J = 8.1 Hz), 7.91 
(IH, dd, J = 1.6, 8.1 Hz). 8.42 (IH, d, J = 1.6 Hz). 
EthvI4-fr5.5-dimftthY^- 5.6-dibvdro-8-ri.l-dimethY lftfh YT)-'?- 
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1 Paphthalenvncarboxamid o]-ben3;na» (Compoiind £79) 

2 A solution of 5^-dimethyI-5,6-d%dro-8-(l,l-dimetlQrIetIiyl). 

3 2-naphthaIenecarbo3^1ic add (CompoimdE78, 150.0 mg,0J81 

4 mmol), ethyl 4-ammobeiizoate (115.2 mg, 0.697 mmol), l-(3- 

5 dimethyIaminoproiyI)-3-ethylcarbociiimide hydrochloride (145.0 

6 mg, 0.755 mmol), and 4-^,^•-dmlethyrlaminopyridine (89.0 mg, 

7 0.697 mmol) in 8.0 mLDMF was stirred overnight at room 
« temperature. EtOAc (110 mL) was added and the solution 

• washed with H2O, 5% HO, saturated aqueous NaHC03, and 
10 saturated aqueous NaQ before being dried over MgS04. 
ti Removal of the sovents under reduced pressure and ^lumn 

t2 chromatography (10-25% EtOAc-hexanes) of the residiial ofl 

13 afforded the title compound as a coloriess soUd. 

14 IH NMR(CDa3) S 1.25 (6H, s), 139 (9H, s), 1.40 (3H, t, J = 7.1 

15 Hz), 2.18 (2H, d, J = 4.9 Hz), 4.37 (2H. q, J = 7.1 Hz), 6.05 (IH, 
IB t, J = 4.9 Hz). 7.41 (IH, d, J = 8.0 Hz), 7.58 (IH, dd, J = 1.8, 8.0 

17 Hz), 7.24 (2H, d, J = 8.7 Hz), 7.91 (IH, s, ), 8.06 (2H, d, J = 8.7 

18 Hz), 8.26 (lli d, J = 1.8 Ife). 
4-fr5.5-dimethYT.^,<^Hih ydro-8-n.l.d.metbvlethvI)-7- 
qaphthaIenvl)carboYamfd o]-ben2oicariH (Compound E80) 

To a solution of ethyl 4-[(5,5.dimethyI-5,6-dihydro-8-(l,l- 

dimethylethyl)-2-naphthalenyl)carboxamidoJ.ben2oate(Compinmd 
E79, 50.0 mg, 0.123 mmol) in 2.0 mL of EtOH and 3.0 mL THF 
was added NaOH (240.0 mg, 6.00 mmol; 3.0 mL of a 2N aqueous 
solution). After stirring overnight at room temperature the 
reaction was quenched by the addition of IM aqueous HQ. The 
mixture was extracted with EtOAc and the combined organic 
layers washed with HjO and saturated aqueous NaQ before being 
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1 dried over Na2S04. Removal of the solvents under reduced 

2 pressure afforded the title compound as a colorless solid. 

3 IH NMR(dg-acetone) S \2\ (6H, s), 138 (9H, s), 2.17 (2H, d, J = 

4 4.9 Hz), 6.08 (IH, t, J = 4.9 Hz), 7.45 (IH, d, J = 8.1 Hz). 7.81 

5 (IH, dd. J = 1.8, 8.1 Hz), 7.97 . 8.05 (4H, in), 831 (IH, d. J = 1.8 

6 Hz). 

f Benzvl-4-[[ (5.5-dimethvl-5.6.7.8-tetrahvdro-8-oxo-Daphthalen-2- 

8 vl)carbonyl]oxv]-benzoate (Componnd K«i) 

0 To a solution of 5,5-dimethyl-5,6,7,8-tetrahydro-8-oxo- 

10 naphthalen-2-carboxyIic acid (Compoand E3, 386 mg, 1.77 mmol) 

11 in dimethylfoimamide (4 mL) was added l-(3- ^ 

12 dimethylaminopropyI)-3-ethylcarboimide Iqrdrochlorde (440 mg, 

13 2.3 mmol) followed by dimetl^lamino pyridine (DMAP) (280 mg, 

14 2.3 mmol). The mixture was stirred for 10 minutes, and benzyl 4- 

15 hydroxy benzoate (426 mg, 1.9 mmol) was added and stirred at 

16 ambient temperature for 16 hours. The mixture was diluted with 

17 ethyl acetate (100 mL) and washed with water (10 mL), brine (10 

18 mL), dried and solvent distilled off. The title compound was 

19 obtained as a pale yellow solid after chromatographic purification. 

20 »H NMR (CDQ): 8 1.42 (s, 6H), 2.05 (t, J = 6.7 Hz, 2H), 2.77 (t, 

21 J = 6.7 Hz, 2H), 537' (s, 2H), 7.25-7.50 (m, 7H), 738 (d, J = 83 

22 Hz, IH), 8.15 (d, J = 8.1 Hz, 2H), 8.28 (dd, J = 1.9, 83 Hz, IH), 

23 8.82 (d, J = 1.9 Hz, IH). , 

24 Benzvl-4-[[ 5.5-dimethvl-5.6.7.8-tetrahvdro-8-hvdroxv-naphthalefi.l- 

25 vl>carbonvl]oxv]-benzoate (Compound E82) 

26 To a solution of benzyl-4-[[5,5-dimethyl-5,6,7,8-tetrahydro-8- 

27 oxo-naphthaIen-2-yI)carbonylJoxyI]-benzoate ((Compoimd E81, 377 

28 mg, 0.88 mmol) in dimethoxyethane (20 mL) was added 
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t sodiumborohydride (33 mg, 0.9 mmol). The mixture was stirred 

2 for 12 hours at room temperature. The mixture was diluted with 

3 etlgrlacetate (50 mL), washed with water (10 mL), brine (10 mL), 

4 dried and solvent distilled off. The title compound was obtained 

5 as a white solid after chromatographic purification. 

6 »H NMR (CDQa): S 130 (s, 3H), 137 (s, 3H). 1.60-1.75 (m, IH), 

7 1.85-2.00 (m, 2H), 2.05-2.20 (m, IH), 230 (brs, IH), 4.81 (t, J = 

8 5.6, IH), 538 (s, 2H), 7.27 (d, J = 8.7 Hz, 2H), 735-731 (m, 6H). 
» 8.04 (dd, J = 1.9, 83 Hz, IH). 8.15 (d, J = 8.7 Hz, 2Pi), 831 (d, J 
10 =1.9 Hz). 
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